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An atomic absorption method for the determination of
arsenic, bismuth, germanium, lead, antimony, selenium, tin
and tellurium by means of hydride generation is described.
The sample is acidified by 1.5-4M hydrochloric acid
before 1-3,% sodium borohydride solution is injected through
the septum which is connected to the generation flask o The
liberated hydride is passed directly into a 15-cm long quartz
atomising tube with internal diameter of 0.4, 1.0 cm and'
mounted above the burner grid of a single-slot or three-slot
burner.
The effects of varying the size of the quartz atomising
tube, the type of burner, the flow rate of the carrier gas
and, in certain cases, the concentration of acid, borohydride
and hydrogen peroxide were investigated. Only preliminary
results were obtained for germanium and tellurium owing to
the break-down of the atomic absorption spectrophotometer.
The results obtained were compared with those obtained by
other methods.
The advantages of the proposed system are its simplicity,
high sensitivity, high speed of analysis and the fact that
background correction facilities are not required.
The data were analysed by the ICL 1904A computer and
the calibration curves were plotted by the calcomplotter.
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Before atomic absorption methods were developed, spectro-
scopic methods for elemental analysis relied either on solution
rolorimetric methods or atomic emission spectroscopy.
Since the atomic absorption technique was introduced by
Walsh in 1955 1, rapid advances have been made in both the
method of analysis and instrumentation. Many analysis which
had proved difficult or extremely time-consuming by other
methods became routine, and to-day atomic absorption is often
the method of first choice in elemental analysis especially
at low concentration.
Analysis by atomic absorption depends entirely on the
fact that free uncombined atoms will absorb light of a
particular wavelength. The key to successful operation of
an atomic absorption spectrophotometer lies in generating a
supply of free, uncombined atoms in the ground state and
exposing this atom population to light all- the characteristic
absorption wavelength. Fundamentally, atomic absorption
measurements can be made using very simple equipment. The
basic equipment required consists of a suitable light source,
an atomiser to create a suitable atom population, some means
of wavelength isolation and a detector. Suitable electronic
devices to provide power for the light source and to transform
the signal into an analytically useful form will also be
necessary, and the optical path through the atomiser must be
2suitably arranged.
Essentially the atomisation process consists of taking
a solution of the analyte and heating it to a temperature
sufficient to dissociate the compound. Although in recent
years flameless techniques have found widespread acceptance,
the flame is still the most widely used dissociation agency.
The flame breaks up the chemical bonds between the molecules,
freeing individual atoms. In this condition, the atoms can
absorb ultraviolet or visible radiation. The wavelength
bands which each specific element can absorb are very narrow,
and are different for every element.
The. commonest flare consists of acetylene as the fuel
and compressed air as the oxidant. Higher temperatures are
achieved when the oxidant is nitrous oxide instead of air,
but normally nitrous oxide-acetylene is only used where the
air-acetylene and air-propane flames are not satisfactory.
It is preferable in atomic absorption work to use a
simple monochromator together with a light source emitting
a narrow line, rather than using an extremely high performance
monochromator to isolate a narrow line from a continuum light
source. In most atomic absorption instruments, the light
source used is the hollow cathode lamp which emits the same
atomic spectrum as the element of interest. However,
electrodeless discharge lamps are also used for such elements
as arsenic, selenium, germanium, etc.
3An assumption that is usually made in atomic absorption
spectroscopy is that the half-intensity line width of the
absorption line is wider than the half-intensity line width
of the source. The width of an atomic absorption line is
determined by the following factors:
1. the natural width of the spectral line due to the
finite lifetime of the excited state
2. the Doppler broadening due to the motion of the atoms
relative to the observer
3. Lorentz or collisional broadening, either by similar
atoms (known as resonance broadening) or foreign atoms
(known as pressure broadening)
4. Stark broadening caused by external electric fields
or charged particles.
Only the Doppler broadening and pressure broadening
are important. Even with all these broadening effects, the
absorption lines are very narrow. Therefore, in order to
measure these lines accurately using a continuous source,
an extremely good spectrometer built with the ultimate
capabilities available is required.
Walsh was the first to suggest a simple and effective
means for eliminating the need for a high resolution
spectrophotometer. The method which he suggested was to
measure the absorption coefficient at the centre of the line
by using a sharp-line source which emits lines with a much
4smaller half-width than the width of the absorption line.
If the shape of the abosrption line is determined completely
by Doppler broadening, then the absorption coefficient k0
at the centre of the line with wavelength T. is given by:
where N total number of atom per cubic centimeter
a
capable of absorbing radiation
e= charge of electron
m= mass of electron
c= velocity of light
f= oscillator strength or average number of
electrons per atom which can be excited
Since the Doppler line width is proportional to the square
root of the temperature, k0 is insensitive to small changes
in temperature.
The relationship which exists between the atomic
absorption signal A and the analytical concentration c of
the measured element in the test solution may then be
conveniently expressed by analogy with the simple Lambert-
Beer relationship in conventional (molecular) absorptiometry
via:
where I and I represent the intensities of the selected
0
resonance line from the hollow cathode glow before and
5after entry to the atomic population in the flame, E represents
an atomic absorptivity coefficient corresponding to the
probability of absorption taking place for that particular
line and species, 1 represents the absorption path length
through the atomic population and represents a conversion
factor which includes the efficiency of nebulisation and
the efficiency of atomisation within the flame gases 2
In conventional solution analysis with a flame where
equilibrium readings are obtained, three parameters are used
to describe the analytical performance of an atomic absorption
instrument all three are attempts to characterise the range
of measurement of the instrument for each element.
Detection limit is that quantity of the element that1d
gives a reading equal to twice the standard deviation
of a series of at least ten determinations at.or near
blank level.
Sensitivity is the concentration, in solution, of the2,
elements to be determined which will produce a change,
compared to pure solvent, of 0.0044 absorbance units
(i.e. 1/10 absorption) in the optical transmission of
the atomic vapour at the wavelength of radiation used.
Working range is the range of concentrations of analyte3.
element which will yield suitable absorbance values
for analytical purposes.
In methods such as those involving non-flame atomisers
6(e.g. carbon rod) we are concerned with the signal peak
obtained from a given small sample placed in the device, and
it will then be more convenient to talk of absolute detection
limit and absolute sensitivity. In such cases absolute
sensitivity, for example, is the actual weight of analyte
element yielding a peak of 0.0044 absorbance units.
There are several advantages in using the flame tor
sample atomisation:-
Firstly, about 65 different elements can be determined.
Secondly, optimisation of flame conditions is relatively
easy.
Thirdly, a steady output signal-is-produced.
Fourthly, good signal reproducibility (less than 1%
RSD) can be obtained.
Finally, chemical and physical interference ettects
are well documented.
However, flame systems do have some disadvantages wriicrl
limit the scope of the technique:-
Firstly, only 5-15`x, of the nebulised sample actually reached
the flame which is then diluted by the combined volume of
the nebulising and fuel gases. This large dilution factor
limits the ultimate sensitivity of the technique y
Secondly, the available sample volume may be insufficient
to give a reliable reading by aspiration into a flame system.
A minimum sample volume of about 0.5-1.0 ml is normally
required.
16
Chemical generation of volatile hydrides for such
elements as arsenic and selenium with subsequent atomisation
in the flame now offers sensitivity greatly superior to
those obtainable with conventional flame atomic absorption
methods,
Volatile, covalent hydrides are formed by elements in
groups IV, V, and VI of the periodic table. Arsenic,
antimony, bismuth, germanium, selenium and tellurium form
hydrides readily in solution and the relevant chemical
properties of their hydrides are shown in Table l-l
Table 1-1 Elements, volatile hydrides and their properties
0therVolatile Boiling
StabilityElement Hydride Point(IC) Hydrides
-55 Destroyed by As/2H/4-SolidAsH3As
As/2H/2-SolidH/20/2 and HNO3

























Holak was first to suggest the conversion of arsenic
to arsine by the conventional arsine generation method
prior to introduction into the air-acetylene flame for
analysis. The method involved treating the sample with
hydrochloric acid to establish an acidic environment of
around 4M, adding potassium iodide, prereducing with stannous
chloride, and finally adding granular zinc to initiate
evolution of the hydride. The arsine generated was condensed
in a U-tube which was immersed in liquid nitrogen. When
the reaction was completed, the arsine was brought to room
temperature and swept out of the tube'by nitrogen into an
atomic absorption spectrophotometer.
4
Dalton and Malanoski eliminated the trapping step
and also the generated arsine was led directly to the argon-
hydrogen-entrained air flame instead of an air--acetylene flame.
This was done with some loss in sensitivity. However, the
background was lowered with the argon-hydrogen-entrained
air flame.
5
collected the arsine togetherFernandez and Manning
with the hydrogen generated in a balloon reservoir, and then
valved to the flame in a short time. This arrangement
preserved the integration feature of Holak's s method, but
9required a much shorter elapsed analytical time. Selenium
was also successfully determined by this method.
Manning 6 described a valve system for introducing
zinc into the reaction vessel without admitting air, since
oxygen tends to inhibit the reaction in which arsine is
generated.
Chu et.al. 7 used a flameless method. The arsine evolved
was swept into an electrically-heated absorption tube by
means of argon as carrier gas. The flameless approach
eliminates almost all background absorption signal which is
observed in the hydrogen-argon-entrained air flame, for
which the background is already low, and allows a further
increase in sensitivity by a factor of about two.
The conventional arsine generation method failed to
produce stibine. However, pollock and West B found that
titanium(III) chloride in combination with zinc or magnesium
could be used to produce stibine. They applied the titanous
chloride-magnesium method to determine arsenic, antimony,
bismuth, selenium and tellurium as well. They also found
that careful control of acid concentration and time sequences
during gas collection was vital to the success of the
determination of tellurium.
10
A new, simpler procedure using sodium borohydride as
both a chemical reductant and a hydrogen source has been
developed 9. After treating the sample with acid and
purging the reaction flask with argon, a pellet of sodium
borohydride is introduced through a dosing stopcock, and
after a 15-seconds interval the hydride collected in the
collection balloon is allowed to empty into the flame. The
borohydride reagent works for arsenic, antimony, selenium,
bismuth, germanium, tin and tellurium. It has the advantages
of reacting more rapidly than the zinc-hydrochloric acid
system and of causing low arsenic blanks.
Thompson et.al. 10 passed the hydrides directly into a
quartz tube mountedinan air-acetylene flame. This method
is simpler and offers high sensitivity and no background
correction facility is required. Moreover, in addition to
arsenic, bismuth, germanium, antimony, selenium, tin and
tellurium, the generation of plumbane for analytical purposes
was successful.
The method for the determination of lead using the
hydride generation technique was improved by vijan and Wood11.
The test solution was first treated with a 12% hydrogen
peroxide solution before the sodium borohydride solution
was added.The hydrides generated were swept by a nitrogen
stream into a heated quartz tube. The sensitivity obtained
was 0.6 p.p.b. with a detection limit of 0.1 p.p.b. Relative
11
standard deviation was 2.5% at the 10 p.p.m. level.
Aggett et. al. 12 showed -that the generation of hydride
at pH between 4 and 5 permits the selective determination of
As(III) in mixtures of As(III) with As(V). Total arsenic
can be determined by evolution of arsine from 514 hydrochloric
acid solution.
Siemer et.al. 13 allowed the arsine mixed with hydrogen
generated in the process together with some oxygen to burn
in a quartz tube atomiser. The effects of variations in
atomiser design and operating conditions, matrix elements,
oxidation states of the analyte, and conditions of the arsine
generation procedure were investigated using three different
signal readout modes. The analytical method can be thought
of as being cc mpos:d of three steps, namely. generation of
the hydride, transfer of the hydride to the atomiser and
decomposition of the hydride to gas phase metal atoms within
the optical axis of the atomic absorption spectrometer.
He suggested that the greatest potential for further improve-
ments in this' technique lies in the area of concentrating the
arsine generated so that it may be released in a sufficiently
small volume of gas to be accommodated by the atomiser at
one time. The detection limit was found to be 0.22 ng
:McDaniel et. al. 14 used radio tracers to evaluate a variety
of procedures for concentrating selenium for its determination
with the heated graphite atomiser (H(137A). He suggested that
12
although hydride generation using sodium borohydride was
chosen as the best method for concentrating and introducing
samples into the atomiser, the data indicated that published
procedures may liberate as little as 10`n of the total inorganic
selenium from the solution. Optimisation was made for the
hydride generation step and the other steps necessary for
the determination of selenium, and a procedure which was
supposed to be sensitive, straightforward, and free from
interference was suggested. The result reported was far
poorer. This is probably due to poor atomisation effeciency
in the atomiser used or due to inefficient transfer of the
hydride to the atomiser.
Pierce et.alb15 made a comprehensive. study of inorganic
interferences of the routine determination of arsenic and
selenium utilising a manual hydride generation technique
with an argon-hydrogen flame, an automated hydride generation
technique with heated quartz tube atomisation and a graphite
tube atomisation technique. He concluded that there were
much greater interference effects found using the flameless
atomisation technique than using the manual hydride evolution
technique, and the automated hydride evolution technique
suffered from the least amount of interfering effects.
Generally speaking the sensitivities offered by the
automated hydride evolution technique is approximately equal
to those of the flameless atomisation technique, while the
13
manual hydride evolution technique is somewhat less sensitive
than the other two techniques.. Some reported sensitivities
and detection limits are collected in Table l-2













( rorr Thompson, K 0C. and Thompersori, Analyst, 99, 595 (1974))
The analysis by the hydride generation technique offers
several advantages over the conventional pneumatic saiuti on
aspiration method. Firstly, the separation process inherent
in the evolution step serves to eliminate practically all
matrix effects by leaving the matrix materials behind in the
reaction vessel.
Secondly, a very efficient use is made of the sample
bacause the entire amount of the anal,/te present in the
sample reaches the flame in a form very suitable for efficient
14
atomisation, whereas with pneumatic nebulisation a large
fraction of the aspirated solution is wasted because of the
formation of large droplets.
Thirdly, the method allows a sensitivity improvement
by factors ranging from 50 to 200. Whereas aspirating a
solution into the flame maintains a constant signal which
lasts during the period of aspiration, introducing the
hydride into the flame all at once, as a pulse, yields a
much more intense though briefer, signal.
Several disadvantages of the technique can also be
mentioned. It is, of course, more complicated, in operation
than direct aspiration into the flame. The sudden introduction
into the flame of large quantities of hydrogen, which is
evolved along with the hydrides, causes a change in the
background absorptions. Finally, hydride evolution has
been applied with success only to eight elements. However,
for these eight elements the technique is more sensitive
than using the flame or carbon rod.
The work presented in this thesis is an attempt to
develop a simple and easily operated procedure for the
analysis of the elements which form volatile hydrides,
including antimony, arsenic, bismuth, germanium, lead,
selenium, tellurium and tin, using equipment available in
most chemical laboratories. It is also hoped that better
sensitivity and wider linear range for the analysis of these




The atomic absorption analytical method utilising the
hydride generation technique can be thought of as being
composed of three steps: firstly, the generation of the
hydride secondly, the transfer of the hydride to the atomiser
and finally, the decomposition of the hydride to gas phase
metal atoms within the optical axis of the atomic absorption
spectrophotometer.
Considerable attention has been focussed on the vapour
generation step and various modifications and improvements
have been suggested. The basic aim of the modifications is
to achieve rapid and complete conversion of the element to
its hydride in a reproducible pattern, and simplify all
chemical manipulations as far as possible. The traditional
Gutzeit 4 method for arsenic determinations involved
treating the acidified sample solution with a reducing
solution of potassium iodide and stannous chloride. The
reaction was completed after addition of zinc powder
suspension. However, it is necessary to stand for seVeral
minutes before zinc is added and the hydride is collected
for about five minutes. Moreover, this method could be
used for arsenic and selenium, but not for the other hydride
forming elements such as antimony, bismuth and tellurium,
and the zinc powder used in the reduction led to considerable
problems in batch--to--batch reproducibility and reagent
16
blank levels.
Various alternative reducing agents have later been
examined and these include combinations involving reduction
with hydroxylamine hydrochloride or titanous chloride
solutions in combination with other metals. The most
promising results have been obtained using magnesium or
calcium metal in combination with these reductants since
the range of possible analysis can be extended antimony
and bismuth, for instance, can also be determined. However,
for convenient handling it is necessary to use the metal
in strip form, and this results in slow evolution of the
hydride, and the cumbersome balloon storage method is T,
necessary in order to collect all of the reaction product
before analysis. Normally, it is necessary to stand for
five minutes and collect the hydride for one minute.
Sodium borohydride 16 is a reducing agent used more
recently for the vapour generation technique and it has a
number of advantages over the reductants developed previously.
With this reagent, the hydrides are generated rapidly and
completely, and the need for balloon storage prior to
analysis is eliminated. The conversion rate of the element
to its hydride is reproducible. A further advantage is
that even commercial grades of sodium borohydride contain
no troublesome impurities and the reagent blank level is
considered negligible. t t also provides a convenient
extension of the vapour generation technique to antimony,
17
bismuth, germanium and tellurium as well as arsenic and
selenium.
We can see that sodium borohydride is the best of all
the reducing agents developed for the vapour generation
technique and for this reason we plan to use it in our
project. However, although it has been claimed 16 that
the high reducing activity of sodium borohydride allows
the pre-reduction with potassium iodide and stannous chloride
12
to be omitted, other investigators, for example, Aggett et. ai,
found that the elements in their higher oxidation states
are more slowly reduced. Our preliminary investigation
shows that this is also true, and solutions of selenium (VI)
and tellurium (VI) give negligible response compared with
equivalent amounts of the respective elements in their
quadrivalent state. Thus, we shall also investigate the
best methods to increase the signal response of these
elements in their higher oxidation states while still using
sodium borohydride as the principal reductante
The second step of the vapour generation. technique is the
transfer of the hydride to the atomiser. It must be borne
in mind that in order to increase the number of free-metal
atoms* present at a given time within a unit cross section
of the atomiser and, hence, the sensitivity of the method,
it is necessary to generate the hydride quickly, strip it
from the solution with a minimum of dilution with other
18
gases, and get as large a fraction into the a to rrd. ser at one
time as is possible. Theoretically, the greatest sensitivity
can be obtained if all of the hydride evolved is atomised
simultaneously and in the optical path of the instrument.
At one time the balloon storage method was quite
popular as a means to collect all of the reaction product
before analysis, especially for the cases where the hydrides
were evolved slowly. There are several disadvantages in
using this method. Firstly, it is necessary to collect the
hydride for one to two minutes. Secondly, when the analysis
is finally made by emptying the balloon, the rush of collected
hydrogen into the flame upsets the flame stoichiometry
leading to non-atomic absorption at low wavelengths. The
elasticity of the collection balloon may be changed and
the result is not reproducible after it is used several
times. Furthermore, balloons of good quality are not usually
available, and we have found that very poor results were
obtained with the balloons we could find.
Alternatively, the, hydride may be condensed and collected
in a U-tube immersed in liquid nitrogen. The hydrogen
liberated is expelled so that the undesirable effect. of
hydrogen may be kept to a minimum. However, the set up
is more involved.
The continuous flow method is a simpler method and
as its name suggests, there is no collection of the hydride.
19
This is applicable when sodium borohydride is used as a
reductant which can reduce rapidly and completely the
elements of interest. We plan to use this method for its
simplicity, although the sensitivity it can offer is not
as high as that of the collection, methods using either the
collection balloon or nitrogen trap. The rate at which
the hydride is purged can affedt the sensitivity of analysis.
If the purging rate is high, the dilution effect is
considerable, whereas if the rate is too low, only a small
proportion of the hydride is atomised within a given time.
Therefore, in doing our experiments we also need to determine
the optimum rate of purging of the hydride
. The volume of the generation flask together with the
connecting tube carrying the hydride to the atomiser can
have considerable effect on the sensitivity of the method.
The smaller the dead volume, the better will be the sensitivity.
Therefore, in our experiments we shall keep this dead
volume to a minimuri.
The final step of the vapour generation technique is
the decomposition of the hydride to gas-phase metal atoms
within the optical axis of the atomic absorption spectro-
photometer. The flame used for atomisation is usually a
hydrogen-argon-.entrained air `=lame whose temperature is
relatively low but sufficient to effect complete atomisation
of the hydrides. This flame itself has the advantage of
20
having a low background, however, the background absorption
below 200 nm will be observed-when the hydrides and hydrogen
are passed from the collection vessel to the flame. Morever,
the' sensitivity is rather limited because of the large
dilution factor involved when the liberated hydrides are
passed into this flame.
In 1972, Chu et. al. 7 developed a flameless AAS method
for arsenic determination which also involved the chemical
conversion of arsenic to arsine. The arsine evolved was
swept into an electrically heated absorption quartz tube
15 cm long, 2.5 cm i.d. by means of an argon carrier gas.
Since no flame is employed in this technique, the background
absorption is less than that of the hydrogen-argon-entrained
air flame method and the arsenic sensitivity was doubled
when compared with that obtained by use of a flame.
10.
Thompson et,.alo developed a method similarIn 1974, L
to that of Chu eteal. however, they used an air-acetylene
flame instead of electrical heating. A quartz tube, 17 cm
long, 0.8 cm i.d., was mounted on a so-called wide-path
air-acetylene burner, which is of 15.5 cm length of multiple
hole construction and is an acessory of the A3400 Atomic
Absorption Spectrophotometer, Shandon Southern Instrument.
The advantages of this technique are that no collection
vessel is required, that background flame absorption for
arsenic, selenium and tellurium determinations is effectively
21
eliminated, thus obviating the requirement of an automatic
background corrector, that the narrow quartz tube gives a
relatively large increase in sensitivity compared with
direct sample injection into an argon-hydrogen diffusion
flame, and that very little modification to the atomic-
absorption spectrophotometer, other than mounting of two
Terry clips on the grid of the burner is required o
In our experiments, we plan to use a system similar
to that prosposed by Thompson et.al o because of its simplicity,
Moreover, we plan to evaluate the usefulness of the three--
slot burner and also an ordinary single-slot burner in this
type of analysis. V e have particular interest in these
burners because they are common accessories found for Perkin-
Elmer atomic absorption spectrophotometers. Although the
three-slot burner is only 10 cm long, (i.e. 5 cm shorter than
the Shandon wide-path burner), its three-slot construction
is designed to give more even ale acing 0 This burner will
therefore be particularly useful for heating quartz tubes
with larger internal diameter. Furthermore, the quartz
atomising tube used by Thompson et.al. was a bit cumbersome
since provision was made for cooling the outside of its
side-arm via an annulus and two transverse tubes were
positioned 1 cm from, the ends of the atomising tube
22
for the injection of nitrogen, which would prevent the
liberated hydrogen from igniting at one or both ends of the
tube. Therefore, we shall investigate whether it is possible
to use a simpler quartz atomising tube,
In short, we hope to develop a procedure for the analysis
of a number of hydride-forming elements by atomic absorption
spectroscopy utilising the hydride generation technique
using equipment available in our laboratory and most
chemical laboratories. We shall make use of the advantages
of a number of methods developed previously along the same
line and we shall further optimise the experimental conditions
with a hope to increase the sensitivity and linear range for
the analysis of the various elements.
A main advantage of the hydride generation technique is
in the separation process inherent in the evolution step which
serves to eliminate practically all matrix effects by leaving
the matrix materials in the reaction vessel. However,
interference was still found from certain trainsition metal
ions and also these hydrides were found to interfere with
one another l l, 15 The interference was suggested to be
mainly due to the preferential reduction of the interfering
species. In our present project, no attempt will be made to
study these interfering effects partly owing to the lack
of time and partly to-the fact that these effects have been
rather well studied.
Figure 3-1 The atomising tube and
the hydride generation flask






Results were obtained by using a Perkin-Elmer Model
360 Atomic Absorption Spectrophotometer, Varian Techtron
hollow cathode lamps (for bismuth, lead, antimony, selenium,
and tin), perkin-Elmer hollow cathode lamp (for tellurium)
and Perkin-Elmer electrodeless discharge lamps (for arsenic
and germanium) and a recorder used in the 10 my range.
The atomic a bsroption spectrophotometer provides the automatic
zero and peak height reading controls.
The reported absorbance valueswere obtained by averaging
at least three replicate measurements.
An atomising tube, made from transparent vitreosil fused
quartz, (15 cm in length and 0.4-1.0 cm in internal diameter)
was mounted above the burner grid of a 10-cm single-slot or
three-slot air-acetylene burner by means of a support which
in turn is mounted on the burner-nebuliser system of the
atomic absorption spectrophotometer (see Figure 3-1).The
support was made by screwing several pieces of aluminium
plates together. (see Figure 3-2)
The generated hydride, contained in the stream of
nitrogen, was introduced through the side-arm (0.4 cm in
internal diameter) in the middle of the quartz tube. A
Matheson model 603 gas flowmeter reading to 0.02 1/min
was used to measured the nitrogen flow-rate.
The hydride generation flask was a round-Bottom tube
24
(with internal diameter of 3 cm and height of 7 cm) with
an inlet near the bottom. It was fitted with a rubber stop-
cock, which was fitted with a septum and an outlet tube
(with internal diameter of 0.4 cm)
3.2 Reagent used:
sodium borohydride solution(1%) was prepared by
dissolving l g of sodium borohydride ( sigma No. s-9125, 98%
purity) to 100 ml distilled water with prior addition of two
pellets of potassium hydroxide.
All other reagents used were of analytical-reagent
grade.
Stock antimony solution (1000 p.p.m.)was prepared by
dissolving 2.743g of potassium antimony tartrate in one
litre of distilled water. From this stock solution, standard
solutions(when used with a 0.4 cm atomising tube)containing
0.010, 0.025, 0.040, 0.055,0.070, 0.085,and 0.100 p.p.m.
of antimony in 1.5M hydrochloric acid were prepared by
appropriate dilution with 1.5M hydrochloric acid. Similarly,
working solutions(when used with an 1.0 cm atomising tube)
containing 0.007, 0.014, 0.021, 0.028, 0.035, 0.042,and
0.049 p.p.m of antimony were prepared.
stock arsenic solution (1000 p.p.m.) was prepared by
dissolving 1.320g of arsenious oxide in 25 ml of 20%
sulphuric acid solution to a phenolphthalein endpoint, and
diluting to 1 litre with 1% sulphuric acid. From this stock
solution, standard solution containing 1 p.p.m of arsenic
25
was prepared by appropriate dilution with 1.5M hydrochloric
acid. Again from this standard 1 p.p.m. arsenic solution,
solutions containing 0.007, 0.014, 0.021, 0.028, 0.035,
0.042 and 0.049 p.p.m. of arsenic were prepared by diluting
with 1.5M hydrochloric acid.
Stock bismuth solution (1000 p.p.m.) was prepared by
dissolving 1.000g bismuth metal in a minimum volume of 1:1
nitric acid and diluting to 1 litre with 2% nitric acid.
From this stock solution, standard solution containing 1 p.p.m.
of bismuth solution, solutions containing 0.010, 0.025, 0.040,
0.055, 0.070, 0.085, and 0.100 p.p.m of bismuth were porepared
by diluting with 1.5M bydrochloric acid.
stock germanium solution (500 p.p.m.) was prepared by
dissolving 0.7240g of germanium dioxide in 500 ml 0.0025M
potassium hydroxide solution and acidified with 500 ml 8M
hydrochloric acid. The working solutions containing 25, 50,
75,100, 125, 150 and 175 p.p.m. of germanium in 4M hydro-
chloric acid were prepared by appropriate dilution of the
stock solution with 4M hydrochloric acid.
stock lead solution (1000 p.p.m.) was prepared by
dissolving 1.598g of lead nitrate in 1 litre of 1% nitric
acid. From this stock solution, standard solution containing
30 p.p.m. of lead was prepared by appropriate dilution with
0.5% nitric acid. Again from this standard 30 p.p.m. lead
solution, solutions containing 0.3, 0.6, 0.9, 1.2, 1.5, 1.8
and 2.1 p.p.m. of lead were prepared by diluting with 0.5%
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nitric acid.
stock selenium solution (1000 p.p.m.) was prepared by
dissolving 1.000g of selenium metal in a minimum volume of
concentrated nitric acid, evaporating to dryness, adding 2 ml
of water and again evaporating to dryness two to three
additional times, dissolving in 10% hydrochloric acid and
diluting to 1 litre with 10% hydrochloric acid. From this
stock solution, standard solution containing 2 p.p.m. of
selenium was prepared by appropriate dilution with 1.5M
hydrochloric acid. Again from this standard 2 p.p.m. selenium
solution, solutions containing 0.03, 0.06, 0.09, 0.12, 0.15,
0.18 and 0.21 p.p.m. of selenium were prepared by diluting
with 1.5M hydrochloric acid.
Stock tellurium solution (1000 p.p.m.) was prepared by
dissolving 1.000g of tellurium metal in 40 ml aqua regia and
diluting to about 50 ml with distilled water. The precipitate
was redissolved in 60 ml concentrated hydrochloric acid. The
solution was heated to expel oxides of nitrogen, cooled and
diluted to 1 litre with 1% hydrochloric acid. From this
stock solution, standard solution containing 10 p.p.m. of
tellurium was prepared by appropriate dilution with 4M
hydrochloric acid. Again from this standard 10 p.p.m.
tellurium solution, solutions containing 0.1, 0.2, 0.3, 0.4,
0.5,0.6 and 0.7 p.p.m. of tellurium were prepared by dilution
with 4M hydrochloric acid.
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Stock tin solution (1000 p.p.m.) was prepared by
dissolving 1.00s of tiro metal in 100 ml of concentrated
hydrochloric acid and diluting to 1 litre with distilled
water. From this stock solution, standard solution containing
1 p.p.m. of tin was prepared by appropriate dilution with
105M hydrochloric acid. Again from this standard 1 pop.ma
tin solution, solutions containing 0.0107 0.025, 0.040,
C.055, 0.070, 0.085-and 0 m 100 pa p.m. of tin t,,iere prepared by
diluting with 1.50m hydrochloric acid.
3.3 Procedure:
The following is a description of the general procedure
which was applicable to all hydride-formi ng elements under
tstudy except lead, the analysis of which needs some modification.
The instrument zero was set automatically and then1.
optimised for the determination of the various elementso
The conditions used are listed belov:
Table 3-1 Experimental conditions employed for, the
atomic absorption determination of As, tai, Ge,













N . B. The arsenic and germanium 1 mps were Perkin--Elmer
clectrodeless discharge lamps, while the tellurium
hollow cathode lamp was manufactured by Perkin-Elmer
and the rest were Varian Techtron hollow cathode lamps,
2. The alignment of the atomising quarter tube:
a. The rotational adjustment knob, horizontal adjustmenta.
knob and the vertical adjustment knob of the burner-
nebuliser system were used to adjust the position of
the burner head until the slit of the burner head
was at the middle of the light path. The horizontal
adjustment knob was from now on fixed for the rest
of the experiment. The burner was lowered until it
was well below the light path.
The atomising tube was mounted 2 cm above the burnerbo
head, and then its position was ad. justed with the
ver Lical adjustment knob such that it was in the
light beam. However, the intenisty of the visible
lines of the Perkin-Elmer electrodeless discharge
lar cps are very weak, this sort of adjustment could
not be made when arsenic and germanium are analysed.
As the quartz tube absorbed some of the light in the
ultra-violet region, the tube should be alined
carefully and f L.e ad justment could be made such that
the absor pt.ip n by the tube was a minmum.
The optical path was cut off by an o aau objct toL 1C'0
see whether there was a full-scale absorption. If
there was not, either the warm-up period was not long
enough or the lamp current was not high enough, and
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the latter quite often happened when the Varian Techtron
lamps were used with the Perkin-Elmer atomic absorption
spectrophotometer.
The acetylene flow-rate was set at a value of 3.0 1/min3.
(cylinder at 5 p.s.i,) on the meter built In the
spectrophotometer and similarly the air flow-rate was
set at 17.5 1/min (cylinder at 10 p.s,i.).The flame
was then ignited
The background signal. was tr..cF=d on a recorder and it4.
was considered acceptable when the base line on the
recorder was straight.
5. The nitrogen carrier gas flow-rate was set at an optimum
value of l 1/mind
6.An aliquot (1 ml) of the sample solution was pipetted
into the generation flask, it was then stoppered and. the
magnetic stirrer was turned on.
7. The nitrogen carrier gas was a. lowed to flush for about
10 seconds.
8. Then 2 ml of 1% sodium borohydride solution was injected
into the generation flask through the septum with a syringe
of 2 ml capacity fitted with a 5-cm needle of approximately
16 gauge (2 mm).
9. The peak height of the signal was read
10. The cork was removed and the generation flask was rinsed
with distilled water twice.
For lead, this step should be modified as follows:
2 ml of lit hydrogen peroxide was in j ted into the
generation flask through the s-plum with a syringe of
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2 ml capacity fitted with a 5-cm needle of approximately
16 gauge (2 mm) and the reaction mixture was stirred
for 20 seconds, and then 1 ml of 1sodium borohydride




The Q0.90 test was applied to investigate all series
of results for doubtful values and they were retained or
rejected according to the method suggested by Dean and
Dixon 17.
The ICL 1904A computer was used for the calculations
and the calcomplotter for plotting the curves.
In the analysis of experimental data, the absorbance
observed was assumed to be linearly related to the concentration
of the analyte. The best-fitting straight line (or the
calibration curve) was obtained by the method of least squares
in which the absorbance (y) and concentration (x) data were
fitted to the following equation:
y = mx + b (1)




the value of the absorbance on theWith m and b known,
best fitting straight line corresponding to each concentration
x are estimated by equation (1).
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The standard error of estimate is a test of the reliability
of the estimate and may be calculated by the following
equation:
(4)
the difference between the aver age absorbance
,yi
value and the estimate value
The smaller the value of Se, the more reliable are the
predictions made by the best--fitting curve
The correlation coefficient is a test of the validity
of the assumption that the absorbance observed is linearly
related to the concentration and may be calculated by
equation (5):
correlation coefficient (R)= (5)
A value of R close to 0 would mean that the variables x
and y are not linearly related, whereas a value close to
1 will show that they are strongly linearly related.
Precision is defined as the agreement between the
numerical values of two or more measurements that have
been made in an identical fashion and therefore it is an
indication of the reproducibility of results. It is usually
reported as the relative standard deviation of ten consecutive
analysis of a standard sample in the concentration range
of the calibration curve.
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Accuracy is the nearness of a measurement to its
accepted value, and is expressed in terms of absolute
error, which is the difference between the value
determined by the proposed method and the accepted
value. Often a more useful quantity than the absolute
error is the relative error expressed as a percentage
of the accepted value.
Sensitivity is the concentration, in solution, of
the elements to be determined which will produce a
change,compared to pure solvent, of 0.0044 absorbance
units (i.e. 1% absorption) in the optical transmission
of the atomic vapour at the wavelength of radiation
be.
used,'and may be calculated by the formula given below:
Sensitivity (6)
where m= slope of the calibration curve
Since the sample volume we used were 1 ml throughout,
the sensitivity in this case will also give the value
of the absolute sensitivity.
Detection limit is that quantity of the element
that gives a reading equal to twice the standard
deviation (s) of a series of at least ten determinations




where m= slope of the curve
If a concentration at the detection limit were measured
very many times, it could be distinguished from zero in
at least 95% of the determinations
Other investigators as well as ourselves found that
all the calibration curves for the analysis of hydride-
forming elements using this method show negative deviation
at higher concentration, Our intention is to find the
useful working range for these elements in which the
absorbance bears a linear relation to concentration. It is
obvious that very poor results would be obtained if all the
observed data were included o However, if some of the outlying
data were rejected better results viould be obtained instead
as can be seen from the comparison of results shown in Table
3--2.
What we have done is to reject the outlying data one
by one, starting from the one with the highest concentration,
and proceed with the least-squares fit and to retain all
the data which will produce a correlation coefficient of
at least 0.99, except for selenium. The number of observed
points in all calibration curves were not less than five.
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Table 3-2 Comparision of results for the determination
of bismuth (at 223 .1 nm with a three-slot
burner and quartz tube of internal diameter
0.4 cm) using two methods of data treatment
all the observed data were fitted to the(I)
calibration curve












4.1 Optimisation of Experimental Conditions
4.1.1 Hydride generator design
The sensitivity of the atomic absorption determination
of the hydride-forming elements where the hydrides are
passed directly into a heated quartz tube are rather high
compared with those obtained when the h1drides are passed
directly into an argon-hydrogen-entrained air flame. For
this reason relatively smaller volume of sample solutions
can be used when the former technique is employed. Specific-
ally we can use 1-ml sample solution compared with a 10 ml
sample solution when the latter technique is employed. The
size of the hydride generation flask can therefore be made
small accordingly. We have found that a tube of internal
diameter of 3 cm and height of 7 cm is sui table f or our
expe,inents, since the dead volume it causes is not too
large and vet it is large enough to contain 4 ml of solution
without problem.
In the original design of the hydride generation flask,
both inlet and outlet side tubes were joined to the generation






The virtue of this design is that the diameter of the flask
can be made small since the stopper need only to carry a
septum for the injection of the borohydride solution.
Unfortunately some water droplets were carried through the
outlet tube to the atomising tube and caused large fluctuations
in the absorption signal as data in Table 4-1 show.
Table 4--1 The absorbance of antimony solutions at 217.6 nm
tube
using a generation tube with an outlet attached
to it
Type of burner: three-slot
Quartz ato'rnising tube size: 0.4 cm (i.do)
Nitrogen flow rate: 2.5 1/min
Concentration Absorbance Relative
standard deviation(p.p.m.)
0.01 0,171 0.22, 0.20 12.8%
0.02 0.32, 0.14, 0.23 37.1.%
0.04 0.38, 0910, 0.24 58.3%
0.07 0.30, 0.39, 0.35 13.0%
0.11 0.31, 0.47, 0.39 20.5%
40,5%0.16 0.52, 0.22, 0.37
We then tried to dry the hydride with calcium chloride
However, the desiccant seemed to worsen the situation, as
data in Table 4-2 show. The desiccant was suspected to
absorb a considerable amount of the hydride such that unduly
large signals were obtained in the first few replicate
det rminations done on the next day, when the hydride absorbed
on the calcium chloride drying tube on the previous day was
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released. Moreover, the absorbance was also seen to decrease
after the seventh run below the average value of 0.07 obtained
previously.
Table 4-2 The absorbance* of an antimony solution (0.01
pmp.m.) at 217.6 nm using the same calcium
chloride drying tube as used the day before
three-slotType of burner:
Quartz atomising tube size: 0.4 cm (i.d.)





(Relative standard deviation= 87.0%)
the average value of the absorbance of the same
solution under similar experimental conditions measured
on the previous day was 0.07.
We then allowed the outlet tube to pass through the
rubber stopper instead (as shown below) and no more water
droplets were seen to be carried-through the outlet tube,












Table 4-3 The absorbance of an antimony solution (0.01
p.p.m.) at 217.6 nm with no drying tube
three-slotTyre of burner:
0.4 cm(i.do)Quartz atomising tube size:
2 5 1/minNitrogen flow-rate:
1 2 3 4 5
6Trial number
0.08 0.07 0.08 O.07 0.07 0.07Absorbance
(Relative standard deviation= 7.0%)
It is best to introduce the 1)orohydride solution by
injection through a septum since the pressure inside the
generation flask usually increases considerably, when
hydrogen is- also venerated by the reciction between sodium
borohydride and acid in the reaction mixture. The Sep hums
we used are the septums for the gas chromatograph and it
was found necessary to replace it once every two weeks or
else the leakage problem became serious,
Attempt to collect the hydride was also made, however
the results obtained were not reproducible, as data in
Table 4-3a sho%v, even though the absorbance was higher than
that obtained without using any balloon under similar
experimental conditions (corrpare d with data in Table 4-2)
The balloons we used were too easily inflated and the
hydride genera zed was released only very slowly giving rise
to a very flat absorption peak. Because of the difficulty
encountered with the balloon storage method, we decided to
use the continuous flow method where the hydride generated
is continuously swept into the heated atomising tube by
using a continuous flow of carrier gas
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Table 4-3a The absorbance of an antimony solution (O.01












(Relative standard deviation = 39,5%)
4.1.2 Atomising tube design
The design of our atomising tube was based on that
reported by Tnpson are thomerson 10 . Weed a 15-cm
long tube instead of a 17-cm one, which was the length of
the tube used by these two researchers, because We found
that it was more difficult to align a tube of this length
and there was no marked improvement Ln the absorption
signal by using the 17-cm tube
Our atomisn,J tube was just a simile T-tube and can
be used more conveniently than the one used by Thorupson and
thomerson ne fo nd that cooling of the side-arm was not
necessary since it was not heated excessively and we could
just use PVC tube to connect the side-arm to the generation
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flask.
In our design we allow the liberated hydrogen to burn
at the ends of the atomising tube and we found that absorption
of the resulting flame was negligible even below 200 nm.
Hence we found no necessity to provide the atomising tube with
traverse tubes near its two ends to allow: the liberated
hydrogen to burn at the ends of these tubes instead of those
of the atomising tube, as what Thompson et.al. did.
From the start we used an atomising tube of internal
diameter of 0.4 cm, which is smaller than the one used by
Thompson et. al. We preferred to start with a tube of smaller
diameter because we thought the analysis using the vapour
generation technique might be similar to the cold vapour
atomic absorption determination of mercury, where an absorption
cell is also used and it was found that the absorbance increased
with decreasing cell diameter 18 However, we discovered
later that for all the elements we studied so far including
antimony, bismuth, selenium, tin and lead, the absorbance of the
solution measured by our proposed method was invariably
lower than the respective absorbance of solution of the same
concentration measured by Thompson et.al. under similar
conditions. As we used a tube of smaller diameter than that
used by Thompson et. al., we 'then varied the internal diameter
of the quartz atomising tube to see if the increase in tube
size would bause an increase in absorption signalo
Results in Table 4-4 show that the absorbance of a lead
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solution really increases with increasing internal diameter
of the quartz tube when other conditions were the same
Table 4-4 Effect of size of atomising tube on absorbance
Concentration of lead solution: 102 p.p.m. (in 0.5%

















Data in Table 4-4 also indicate that when a three-slot
burner was used, the central part of the quartz atomising
tube had temperature high enough for atomisation even when
the tube had diameter as large as 1.0 cm. Furthermore it
may be extrapolated that the atomising tube with internal
diameter greater than 1.0 cm would provide even better
result.. Unfortanately no such tube was available to test
whether this prediction is true or not.
It may appear queer that the effet of cell dimension
on absorbance for the atomic absorption determination of
hydride-forming elements using the hydride generation
technique is exactly the opposite to that for the determination
of mercury using the cold vapour atomic absorption method
A possible explanation for this observation is that mercury
is much less volatile than the hydrides so that the absorption
cell may still be under unsaturated condition even for the
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most concentrated solution. Decreasing the internal diameter
of the cell would then result in an increase in concentration
when other conditions remain the same. On the other hand,
the hydrides are very volatile so that the atomising cell
would be saturated with the hydride at higher concentrations
of the analyte, and there will not be any increase of absorbance
with increasing concentration. If this is true, an increase
in internal diameter of the quartz tube would lead to an
increase in volume of the atomising cell and can accomodate
more hydride and hence the analyte in its atomic form, and
there will be an increase in absorbance in this case provided
that the whole atomising tube is in the optical path. This
was exactly what happened with our Perkin-Elmer atomic
absorption spectrophotometer since the diameter of the light
beam at both ends of the 15-cm long tube are about 1 cm, and
these cannot be changed in any way with this instrument.
For. this reason, we believe that further increase in the
internal diameter of the quartz tube beyond 1 cm may not be
an advantage as the data in Table 4-4 suggest.
One final point about the atomising tube is that it
is not possible to mount it on the Perkin-Elmer single--slot
or three-slot burners with terry. clips, and we need to clamp
the side-arm of the atomising tube to the support in order
to mount the tube over the burner. With this arrangement,
we found that the ends of the tube would sag slightly with
prolonged heating and it was necessary to replace it by a




Thompson et.al. found that the response to arsenic,
bismuth, germanium, antimony, selenium and tellurium when
using sodium borohydride was not very dependent on hydrochloric
acid concentration (1--4M) and that with tin the response
decreased markedly if the acid concentration exceeded 0.7M.
With lead, both the acid and the borohydride concentrations
were critical.
Our results for arsenic,: bismuth, antimony, selenium
are similar to those obtained by Thompson et.al. and for the
analysis of these elements, the analyte solutions were made
1.5M in hydrochloric acid. However for the analysis of
germanium and tellurium, we found the acid concentration as
high as 4M was necessary, or else the absorption signal would
appear to be a series of peaks so that when peak height was
measured non-linear calibration and non-reproducible data
were obtained for these elements. For lead, we found that
it was necessary for the analyte solution to contain 0.5%
of nitric acid. In fact, the experimental conditions for
lead were rather unique, and more details will be found in
section 2 of this chapter.
4.1.4 Sodium borohydride solution concentration
Our result also showed that for all of the elements
studied, the concentration of the sodium borohydride solution
was not very critical and adding 2ml of 1% m/v sodium
borohydride solution to an 1--ml volume of sample was found
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to be satisfactory. We preferred to use a 1% borohydride
solution because it was relatively more stable and can be
kept for two days if stored in a refrigerator.
4..1.4 5 Carrier gas
We used nitrogen as the carrier gas because it is cheaper
and is available locally.
The optimum flowrate of the carrier gas was found to be
1.0 1/min for antimony, arsenic, bismuth, lead, tin and
tellurium. The absorbance data for antimony at different
flowrates are shown in Table 4-5.
Table 4-5 The absorbance of an antimony standard solution
(0.025 p.p.m.) at different flow-rate of the
carrieras
three-slot.Burner type:









For the determination of selenium, the optimum flowrate
was found to be 1.8 1/min as data in Table 4-6 show, and this
is significantly lower than 3.0 1/min, the flowrate used by
Thompson et. al.
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Table 4-6 The effect of nitrogen flowrate on the absorbance
of selenium
Concentration of seienium(IV) solution: 0.06 p.p.m.
Burner type: single-slot








We used an air-acetylene flame because it is the commonest
flame used in atomic absorption spectroscopy and it is hotter
than air-propane flame so that it is expected to break down
the hydrides more completely.
The atomising tube was placed about 2 cm above the burner
such that the lowest part of the tube was just above the
primary reaction or inner zone of the flame, which is also
the hottest part of the flame.
4.1.7 Burner position
For the Perkin-Elmer atomic absorption spectrophotometer
which we used, it is necessary to set the. burner position to
nearly the lowest position such that the atomising tube
could be properly aligned in the optical path.
4.1.8 Lamp current
Since the quartz atomising tube absorbs some of the
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radiation around 200 nm, it was necessary to use maximum
lamp currents for all Varian Techtron and Perkin-Elmer hollow
cathode lamps, otherwise it was not possible to obtain 100%,
absorption when the light was blocked. However, for the
electrodeless discharge lamps, namely arsenic and germanium,
it is enough to use the wattage recommended, apparently
because of the fact that the intensity of the lines emitted
from these electrodeless discharge lamps are quite high
4.1.9 Atomic line(s) used
The atomic lines used for the determination of the
elements under study were usually those recommended by the
operation manual of the atomic absorption spectrophotometer19
For bismuth and tin, the less sensitive lines were used. since
these have higher intensity and hence lower background noise,
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4.2 The Determination of Some Hydride-Forming Elements
4.2.1 The determination of lead
Thompson et. al. claimed that they were first to generate
plumbane(. for analytical purposes o They were successful in
obtaining good response with 1--inl solution of lead in 0.2M
hydrochloric acid and an optimum volume of 1 per cent m/v
sodium borohydride solution of 1 ml. They reported a detection
limit of 0.1 uq/ml and characteristic concentration (i.e.
sensitivity) of 0.08 uq/ml, ho'rever, no calibration curve
was produced. We tried to produce plumbane in a similar
manner, but the signal obtained was less than one-tenth of
that expected to be obtained by Thompson et.al. under the
same conditions.
Vijan and Wood 11 reported that the efficiency of the
conversion of lead compounds to plumbane- using borohydride
as reduc taut would be greatly enhanced by prior oxidation
with hydrogen peroxide. We followed their procedure for the
generation of plumbane and found that there was a marked
increase in the atomic absorption signal. We then determined
the optimum concentrations of acid, hydrogen peroxide and
sodium borohydride for the production of plumbane.. from
divalent lead compounds.
4.2,1.1 Effect of sodium borohydride concentration
With the addition of hydrogen peroxide, it is necessary
to see whether more borohydride need to be used, since some
of it might be oxidized by the hydrogen peroxide introduced.
The effect of sodium borohydride concentration on absorbance
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Vias studied using borohydride concentration ranging from 1%
to 4%. The results are shown in Table 4--7
Table 4-7 Effect of sodium borohydride concentration on
the determination of lead.




Quartz atomising tube size: 0.4 cm (i.d.
1 mlVolume of borohydride added:
2 mlVolume of 4`ro hydrogen peroxide added:
Concentration of e/02% 4%1%
.sodium borohydride
0,2900.274 0.2900,273Absorbance
The results in Table 4-7 show that the absorbance value
changed only slightly with the concentration of borohydride,
indicating enough borohydrie for the reduction was still
present when 2 ml of hydrogen peroxide was added even for the
1% borohydride solution o At concentration higher than 1%,
sodium borohydride solution will be less stable e.g. a 3%
borohydride solution will start to decompose on standing at
room temperature for two hours. as evidenced by the bubbles
of hydrogen evolved. Therefore, we preferred to use a 1%
sodium borohydride solution for the determination of lead
even though the signal obtained was not as high as that
obtained with either the 3% or 4% solution.
4.2 .1.2 Effect of acid concentration
We found that unlike the determination of the other
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hydride-forming elements, nitric acid was better than hydro-
chloric acid, and this is also the acid recommended by Vi j an
et. al. for the determination of lead. Therefore dilute
nitric acid was used as solvent for preparing the lead solutions.
I t was found that the concentration of nitric acid had
profound effect on the determination of lead as the results
in Table 4-8 show.
Table 4-8 Effect of nitric acid concentration on the
determination of lead
Concentration of lead solution: 7 pop.mo
217.0 nrWavelength used:
three-slotType of. burner:
Quartz atomising tube size: 0.4 cm (iod.)
1 mlVolume of l% sodium borohydride added:
2 mlVolume of 4% hydrogen peroxide added:
Concentration of
0m4%0 0 l% Oa2% 0.3%
nitric acid
0e 318003150.2460.059Absorbance




Results in Table 4-8 show that the optimum nitric acid
concentration in the lead solution was 0.5%
42.1.3 Effect of hydrogen peroxide concentration
The effect of hydrogen peroxide concentration was studied
by introducing 2 ml of peroxide solution with concentrations
ranging from 1% to 6% to the 7 p.p.m. lead ,solution before
the injection of sodium borohydride. The results were shown
below in Table 4--9.
51
Table 4-9 The effect of hydrogen peroxide concentration
on the determination of lead,
Concentration of lead solution: 7 p.p.m.
Wavelength used: 217.0 nm
Type of burner: three-slot
Quartz atomising tube size: 0. 4 cm (iodo)
1 mlVolume of 1% sodium borohydride added:
2 m1Volume of hydrogen peroxide added:
4 O/hydrogen peroxide 1% 2/J 3% 5% 6%
concentration
00419 0.432 0.434 0.429 0.417 00386absorbance
Results in Table 4-9 show that quite similar absorbance
values were obtained when the concentration of hydrogen
peroxide changed from 1% to 5% and for the 6% solution, the
absorbance was below 0.4. We chose to use the 3% hydrogen
peroxide solution because it gave absorbance value sightly
greater than the rest.
The fact that hydrogen peroxide can facilitate the
production of plumbane from divalent lead compounds is not
surprising since lead exists in its unusual quadrivalent
state. in plumbane. It appears that hydrogen peroxide oxidises
lead (II) to a metastable tetravalent state before being
converted into plumbane by borohydride o
It is also interesting to note that when hydrogen
peroxide was added, no more hydrogen was evolved as a by-
product of the hydride generation process, consequently no
hydrogen would be found to burn at the ends of the atomising
tube.
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4.2.1.4 Atomic line used
We chose to work with the 217.0 nm line for the deter-
mination of lead since it is more sensitive. However, it
is .worth mentioning that the less sensitive 283.3 nm line'
is, in fact, more intense so that the noise level is lower,
as noise is .inversely proportional to the square root of
the source intensity. In another word, the 283.3 line will
provide an improvement in the signal-to-noise ratio,
4.2.1.5 Calibration graphs
4.2.l.5a Effect of size of atomising tube
As mentioned previously, the absorbance of lead solution
was found to increase with increasing internal diameter of
the atomising tube,and hence three calibration graph corres-
ponding to atomising tubes of internal diameter of 0.4cm,
0.7 cm and 1.0 cm are shown in Figures 4-1, 4-2 and 4-3
respectively. The relevant absorbance data, measured with
a three-slot burner, are shown in Table 4-10, 4-11 and
4-12 respectively.
It should be noted that for the 0.4 cm and 0.7 cm
atomising tubes, all eight points were included in the
calibration graph and for the 1.0 cm tube only seven points
were included so that the correlation coefficients for these
graphs would be at least 0.99.
The slope, intercept, standard error of estimate,
correlation coefficient, absolute sensitivity and working
range for the analysis of lead using these three tubes are
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Table 4-10 Data for the determination of lead
Wavelength used: 217.0 nm
Burner: three-slot


























figure 4-1 The calibration graph for the determination
of lead at 217.0nm with a 0.4-cm(i.d)
atomising tube using a three-slot burner
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Table 4-11 Data for the determination of lead
Wavelength used: 217.0 nm
Burner: three-slot





















0.00 0.40 0.80 1.20
1.60 2.00 2.40 2.30
3.20 3.60CONC[PPM]
Figure 4-2 The calibration graph for the determination
of lead at 217.Onm with a 0.7 cm(i.d.)
atomising tube using a three-slot burner
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Table 4-12 Data for the determination of lead
Wavelength used: 217.0 nm
Burner: three-slot


















7.000.30 0.50 0.70 0.90
1.10 1.30 1.50 1.70 1.90 2.10
CONC [PPM]
Figure 4-3 The calibration graph for the detemination
of lead at 217.0nm with a 1.C-cm(i.d.)
atomising tube using a trree-slot burner,
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compared and shown in Table 4-13.
Table 4-13 Comparision of the characteristics of the
calibration graphs for the determination of
lead with atomising tubes of different sizes
Wavelength used: 217.0 nm
Type of burner: three-slot
Internal diameter of atomising tube
0. 7cm
0.4cm 1.Ocm
slope (m ug-1) 0.3810.186 0.289
intercept (on y axis)
-0.027 -0.131-0.073
error of estimate 0.025 0,047 0.028
correlation coefficient 0.986 0.979 0,995
absolute sensitivity (ug) 0.023 0.015 0.011
working range (p.p.m.) 0-2.1 0-2.1 0.3-2,1
The data in Table 4-13 show that there is significant
differences in the sensitivity when the tube size varies, and
the atomising tube with the internal diameter of 1.0 cm
yields the highest sensitivity for the determinations of
lead. However, for this tube, the working range was narrower
since below 0.3 p.p.m., the measured absorbance values had
serious negative deviation from the calibration curve.
4.2.1.5b Three-slot versus single-slot burner
Figure 4-4 shows a calibration graph for the atomic
absorption determination of lead, where the absorbance was
measured with a single-slot burner and an atomising tube with
internal diameter of 1.0 cm. The relevant experimental data
are shown in Table 4-14.
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Table 4-14 Data for the determination of lead
Wavelength used: 217.0 nm
Burner: single-slot





















1.10 1.30 1.50 1.70 1.90 2.10
CONC[PPM]
Figure 4-4 The calibration graph for the determination
of lrad at 217.0nm with a 1.0-com(i.d)
atomising tube using a single-slot burner,
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The characteristics of the calibration graphs obtained
with the single-slot burner are compared with those obtained
with the three-slot burner in Table 4-15.
Table 4-15 Comparision of the characteristics of the
calibration graphs for the determination of
lead obtained with a single slot burner with
those obtained with a three--slot burner
Wavelength used: 217.0 nm
Quartz tube size: 1.0 cm (i.d.)
single-slot three-slot
burner burner
0,371 0,381slope (m. ug-1)
-0.141 -0.131intercept (on y axis)
error of estimate 0.038 0,028
correlation coefficient 0.990
0.995
absolute sensitivity(ug) 0.012 0.011
working range (p.p.m.) 0.3-2.1 0.3-2.1
It can be seen that the performance of the three-slot
burner and the single-slot burner in the atomic absorption
analysis of lead by our proposed method' is quite similar.
Thus it may be concluded that for-lead, the single-slot
burner can provide enough heat-to atomise lead in the concen-
tration range studied even for the atomising tube of internal
diameter as large as 1.0 cm.
4.2.1.6 Precision studies
The precision for the determination of lead using a
single-slot burner and a 1.0cm (i.d.) atomising tube was
found to be 6.7%, which is the relative standard deviation
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for ten replicate measurements of the absorbance of a 1.5
p.p.m. lead solution. The values of the absorbance were
0.434, 0.380, 0.361, 0.416, 0.390, 0.374, 0.4047 0.435,
0.395 and 0.367 respectively. The analogous precision using
the three-slot burner was not determined since the instrument
broke down and was not repaired by the time this thesis was
submitted. However, it is expected that it will not differ
much from that obtained with the single--slot burner in
view of the similarity in performance of the two burners.
The precision of the method is a bi t low. This low
precision is caused partly by the background noise and
partly because peak height measurements vary significantly
with such factors as rate of reaction, acidity, etc. Peak
area measurements is expected *to provide more reproducible
data for this analysis- unfortunately there is no integrator
for measuring peak area incorporate:-: in the instrument which
we used.
4.2.1.7 Detection limit
:gain only the abs:,lute detection limit for the deter-
mination of lead usinga single--slot burner and a 1.0-cm(i.d.)
atomising tube was available. It is deduced from the standard
deviation of ten replicate determinations of a 0.6 p.p.m.
lead solution using equation (7) in Chapter 3. The values
of the absorbance were 0.039, 0.051, 0.054, 0.075, 0.051,
0.058, 0.047, 3.073, 0.056 and 0.053 re,-pectively and with
standard deviation of 0.014. Ther ,afore, the absolute
detection limit was found to be 0 073 ug.
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4.2.108 Accuracy
A synthetic lead sample was prepared to contain 1.5 p.p.m.
of lead and the concentration was found to be 1.44 p. p. m.
when a single-slot burner and a 1.0 cm(i.d.) atomising tube
was Bused. The relative error was therefore -3.7%.
4.2.1.9 Comparision with other methods
Very few published work dealt with the atomic absorption
determination of lead utilising the hydride generation
technique. Thompson et.al. only reported the sensitivity
and detection limit for the determination of lead, and no
precision was reported and-no calibration curve was shown,
Vijan et.al. ll used a semi-automatic method to determine
lead where the sample solutions, containing 0.7% v/v of
nitric acid or 1.0% v/v of perchloric acid, were made to
react with 120 v/v hydrogen peroxide solution followed by
4% m/v sodium borohydride solution by means of a peristaltic
proportioning pump. The hydride generated was swept by a
stream of nitrogen into an electrically heated silica tube
and the absorbance of lead at 217 nm was recorded. We shall
compare here the sensitivity, detection limit, precision and
working range for the determination of lead using our proposed
method with those of other researchers. We shall use the
data involving the single-slot burner and 1,0 cm(i.d.) atomising
tube for comparision.
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using 1.0 ml solution
it is obvious that the method proposed by Vijan et.al.
is the best since it is the most sensitive and precise method.
However, it is only suitable to determine lead concentration
below 0.1 p.p.m. since the absrobance of a 100 ng/ml solution
was 0.60 already. Moreover, the set-up is more involved
since it requires a manifold and a proportioning pump,
When compared with the other two methods, ours is the
most sensitive, although the precision of our method is
slightly low and the absolute detection limit is only slightly
lower than th:3 t obtained by Thompson et.al. and about five
times as large as the conventional flame method. Our method
is suitable for the determination of lead below 2 p.p.m..
If the precision of the method can be improved, our method
can be a useful one for determining lead because of 1t is
simpler than that of Vijan et.al., though a bit more complicated
than the conventional flame method. Ways to improve procision
include using the 283nm line, trying to. reduce the background
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noise of the instrument, varying the volume of the sample and
other conditions for generating the hydride.
4.2.2 The determination of bismuth
Standard solutions of bismuth were converted to the
hydride aid the absorbance were subsequently measured according
to the general procedure,
4.2.2.1 Calibration graphs
4.2.2.1.a The 223 nm versus 307 nm atomic lines
The line recommended or the determination of bismuth
is at 223.1 nm. This line is in fact the most sensitive line
for bismuth unfortunately, its energy is lower and hence
the noise is more serious.. On the other hand, the. 306.8 nm
line, though less sensitive, is more intense. We wished to
evaluate which line is better for the determination of
bismuth using our proposed method. Therefore, two calibration
graphs using 223.1 nm and 306.8 nm lines respectively were
prepared and shown in Figure 4-5 and 4-6. The relevant
absorbance data, measured with a three-slot burner and 0.4 cm
(i.d.) quartz atomising tube, are, shown in Table 4-17 and
4-18 respectively.
For the 223.1 nm line, three experimental points were
excluded to give an acceptable linear calibration graph
so that the working range for the determination of bismuth
is 0--0.055 p. p.m.
Similarly, for the 306.8 nm line two experimental points
were excluded and the working range is 0--0.07 p.p.m. of
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Table 4-17 Data for the determination of bismuth
Wavelength used: 223.1 nm
Burner: three-slot




















0.24 0.32 0.40 0.48 0.56 0.64
0.72
CONC [PPM] *10-1
Fiqure 4-5 The calibration graph for the determination
of bismuth at 223.lnm with a 0.4-cm (i.d)
atomising tube usin a three-slot burner.
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Table 4-18 Data for the determination of bismuth
Wavelength used: 306.8 nm
Burner: three-slot





















0.24 0.32 0.40 0.48 0.56 0.64 0.72
CONC[PPM] *10-1
Fiqure 4-6 The calibration craph for the determination
of bimuth at 306.8nm with a 0.4 cm(i.d)
atomising tube using a three-slot burner
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bismuth.
The characteristics of the calibration graphs obtained
with these two atomic lines are compared and shown in Table
4-19.
Table 4-19 Comparision of the characteristics of the
calibration graphs obtained with the 223 nm
and 307 nin lines
Type of burner:
three- s1ot
Quartz tube size: 0.4 cm (i.d.)
Atomic abor. ption line used
22301 nm 306.8 nm
slope (m, uq -1) 4,77 3.28
intercept(on y axis) 0.007 0.061








Results in Table 4-19 show that the 223 nm line is a
more sensitive line and the absolute sensitivity obtained for
the determination of bismuth using our proposed method is
about 1.4 times better than that obtained with the 307 nm
line. Moreover, the background absorption is much smaller
for this line as evidenced from the intercept being close
to zero. However, the calibration graph obtained with the
307 nm line is better since it has a higher correlation
coefficient and the experimental points are close to the
graph, as is evident from the smaller error of estimate
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Furthermore, the absolute detection limit obtained with
the 223 nm line was found to be O.0048tzg and is greater than
0.0028pg obtained with the 307 nm line, despite of the fact
that it is the more sensitive lined Obviously, the larger
value for the detection limit for the 223 nm line arises from
its poor precision especially near the blank level
The working range for the 307 nm line is wider than
that for the 2123 rim line, although the difference is not
very significant.
Since better detection limit, and calibration graph
and slightly better working range can be obtained with the
307 nm, we consider it as the line to be recommended for
the determination of bismuth using our proposed method.
4.2.2.lb Thre--slot versus single--slot burner
rigure 4-7 shows a calibration graph for the atomic
absorption determination of bismuth, where the absorbanc
at 307 nm was measured with a single-slot burner and an
atomising tube with internal diameter of 0.4 cm. The
relevant experimental data are shown in Table 4-20.
`The chu rac i_eri s tics of the calibration graphs obtained
with the single-slot burner are ccmpaired with those obtained
with the three-slot burner in Table 4-2l
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Table 4-20 Data for the determination of bismuth
Wavelength used: 306.8 nm
Burner: sing, le-slot











Comparision of the characteristics of theTable 4-21
calibration graph for the determination of
antimony obtained with a single-slot burner
with those obtained with a three--slot burner
3O6.8 nmWavelength used:




















0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72
CONC (PPM) *10-1
Figure 4-7 The calibration graph for the determination
of bismuth at 306.8nm with a 0.4 cm(i.d.)
atomising tube using a single-slot burner
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The calibration graphs obtained with the two type of
burners are both good as judged from the small error of
estimate and the value of the correlation coefficient being
close to 1
The most significant difference is that, unlike the
case for the determination of lead, the three-slot burner
could offer absolute sensitivity about 1.5 times better than
that of the single-slot one. Consequently, the absolute
detection limit obtained with the three-slot burner was
found to be 0 a 0028ug which is lower than 0.004-3ug obtained
with the single-slot burner, although the precision obtained
with these burners are quite comparable,
4.2.2.2 Precision studies
The precision for the determination of bismuth using
the 223.1 nm line, a three-slot burner and a 004 cm(i,d,)
atomising tube was found to be 5 0 3Xo,wwJhich is the relative
stan_3ard deviation for ten replicate measurements of the
absorbance of a 00055 p.p.m bismuth sclutioli. The values
of the absorbance were 0.267, 0.251, O.256, 0.264 0.261,
0.263, 0.248, 0.231, 0.234. and 0.270 resgectively
The precision for the determination of bismuth using
the 306 nm line, three-slot burner and a O.4 cm(i.d.)
atomising tube was fonnd to be 4.2%, which is the relative
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standard deviation for ten replicate measurements of the
absorbance of a 0.055 p.p.m. bismuth solution. The values
of the absorbance were 0.238, 0.260, 0.244r, 0.261, 0.233,
0.251, 0.245, 0.237, 0.259 and 0.240 respectively.
The precision for the determination of bismuth using
the 307 nm line, a single-slot burner and a 0.4 cm(i.d.)
atomising tube was found to be 3.1%, which is the relative
standard deviation for ten replicate measurements of the
absorbance of a 0.055 p.p.m. bismuth solution. The values
of the absorbance were 0.182, 0.176, 0.184, 0.182, 0.185,
0.171, 0.189, 0.177, 0.174 and 0.177 respectively.
In fact, the precisio: obtained when the 223 nm line
was used is comparable to that obtained for the 307 nm line
unfortunately, the pecision differed markedly near the
blank level leading to a much poorer detection lirit for
the 223 nm line, as will be discussed in the next section,
There is no significant difference in precision obtained
by either the three-slot or single--slot burner, when to
same atomic line, namely the 307 nm line, was us--d.
4.2.2.3 Detection limit
The absolute detection l emit for the determination of
bismuth usiny the 223.1 nm lire and a three-slot burner, or
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using the 307 nm line and with both three-slot and single-
slot burners were determined and the results are shown in
Table 4--2 2.
Table 4-22 Data for the ?e termination of absolute detection
limit for bismuth using our proposed method
Concentration of bismuth solution, 0.010 P.P.M.





















detection O 00280.0048 0.0043
limit (ug)
As mentioned before, the detection limit obtained with
the 223 ,l nm line is higher than that with the 306.8 nm line
mainly because of the fact that the precision obtained with
the former line near blank level is poorer. On the other
hand, the three-slot burner yields a lower detection limit
than the single-slot burner because the former is more
sensitive.
It may be noted that the measured absorbance in Table 
4-22 gave a false impression that the 306 <>8 nm line is more 
sensitive than the 223 „1 nm line„ In fact, the seemingly lower 
absorbance values dor the 223 d  nm line arise from a much 
lower background signal.
4.2.2.4 Accuracy
A synthetic bismuth sample was prepared to contain 
0*055 p,p,m, of bismuth and the concentration was found to 
be 0 * 052 p * p o m * , when a three-slot burner and a 0*4 cm (i odd 
atomising tube was used, The absorption line used was 223 d  
nm. The relative error was therefore - 5 d % e
A synthetic bismuth sample was prepared to contain 
0.055 ..p.m. of bismuth and the concentration was found to
be 0.0566 p.p.nu when a three-slot burner and a 0.4 cm(i.dd 
atomising tube was used. The abosrption line used was 306*8 
nm. The relative error was therefore +2.9%.
A synthetic bismuth sample was prepared to contain 
0.055 p. p o rr. of bismuth and the concentration was found to 
be 0 o 0 5 5 3 p„p.m. when a single-slot burner and a 0*4 cmd.dj 
atomising tube was used. The absorption line used was 305*8 
nm* The relative error 'was therefore +0.5%.
The accuracy obtained when the 306*8 nm line was used 
together with, either the three—slot or single —slot earner 
was good* The accuracy obtained when the 2:3.1 nm line was 
used was slightly worse than the 3 Ob. d rim - i ne, possible 
because of its poorer precision*
-  78  -
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4.2.2.5 Comparison with other methods
The sensitivity, detection limit, precision and working
range for the atomic absorption determination of bismuth by
our proposed method are compared with those obtained with
the conventional flame method 19, the method where the hydride
was introduced into a nitrogen-hydrogen-entrained air flame 9
and the method proposed by Thompson et. al.10 and the results
are shown in Table 4-23. It is noted that Thompson et.al
did not report.the working range for the determination of
bismuth or other elements in their paper, and we just estimated
it from the calibration graph that they reported.
It can be seen from Table 4-23 that both our proposed
method and that of Thompson et.al can produce results much
better than those obtained by the conventional flame method
and the nitrogen-hydrogen flame method.
Comparing with the method of Thompson et.al. the absolute
detection limit obtained by our method using the 223.1 nm is
over twenty times greater, yet the absolute sensitivity is
only half as good. However, it should be noted that we used
a 0.4 cm(i.d.) atomising tube, and the sensitivity is
expected to be at least doubled when a 1.0 cm tube is used.
Unfortunately, we did not have enough time to confirm this.
When the 306.8 nm line is used, the sensitivity obtained
by our method is about three times as great as that obtained
by Thompson et. al. Again, if we use a 1.0 cm atomising tube
instead of the 0.4 cm one, we expect that sensitivity comparable
to that obtained by Thompson et.al. can be obtained. The
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Table 4- 23 Comparision of methods for the atomic absorption termination or
bismuth
Method Atomic Absolute Absolute Precision Working
line used sensitivity detection range
( nm) (g) limit,g
Conventional
flame 223.1 0.39 0.03 0-50
method
N2/H2 flame 223.1 0.012 0.008 3.0%
method
Thompson 223.1 0.00043 0.0002 3.9% 0-0.05(approx.)
et.al.
Present 223.1 0.0009 0.0048 5.3% 0-0.05
work
306.8 0.0013 0.0028 4.2% 0-0.07
data obtained with a three-lot burner and 0.4 cm(i.d.)
atomi sing tube
using 1.0m1 of soluton
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detection limit obtained by our method is about fourteen times
as great as that obtained by Thompson et.al. In view of the
fact that the precision of the two methods are comparable
( note that the precision of our method near the blank level
is only 5%) and the sensitivity of Thompson' s method is only
three times as good as ours, we find it hard to believe that
the detection limit obtained by the Thompson' s method can
be that much better than ours,
Our proposed method can offer a wider working range for
the determination of bismuth, although the difference is not
very large,
423 The determination of antimony
Standard solutions of antimony (III) were converted to
the hydride and the absorbance was subsequently measured
according to the general procedures
The only line with just enough intensity for our experi-
ment was the 217.6 nm line, and yet the intensity is much
lower compared with the intensity of the atomic lines emitted
by other elements. Worse still is that the performance of the
instrument got deteriorated so much so that eventually the
intensity of this line was not high enough for our determination
consequently no data were reported for the determination of
antimony using a single-slot burner.
4.2.3.1 Calibration graphs
Two sets of calibration graphs for the determination
of antimony were prepared and shown in Figures 4-8 and
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Table 4-24 Data for the determination of antimony
Wavelength used: 217.6 nm
Burner: three-slot





















0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
CONC [PPM]
Fiqure 4-8 The calibration graph for the determination
of antimony at 217.6nm witr a 0.4-cm(i.d.)
atcmising tube using a three-slot burner
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Table 4-25 Data for the determination of antimony
Wavelength used: 217.6 nm
Burner three-slot





















0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72
CONC[PPM] *10-1
Figure 4-9 The calibration qraph for the determination
of antimony at 217.6nm with a l.0-cm(i.d)
atomising tube using a three-slot burner
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4-9 using a 0.4 cm(i.d.) and 1.0 cm(i.d.) atomising tubes
respectively. The relevant absorbance data are shown in Table
4-24 and 4-25 respectively. All experimental points can be
included to give a straight line with correlation coefficient
close to 0.995 in both cases.
The characteristics of the calibration graphs for the
determination of antimony obtained with the two tubes are
compared and shown in Table 4-26.
Table 4-26 Comparison of the characteristics of the
calibration graph for the determination of
antimony obtained with 0.4 cm(i.d.) and
1.0 cm (i. d.) atomising tubes o
Wavelength used: 217.6 nm





0.039 0.022(on y axis)





0-0.1 O-0.05working range, p. p.m.
using 1 O Oral solution
Results in Table 4-26 show that the linearity of the
both calibration graphs within the working range are good.
The most striking difference in using atomising tubes of
different internal diameter is that there was a 3.5 fold
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increase in slope when the atomising tube was changed from
a 0.4-cm one to a 1.0-cm one, and accordingly there was a
3.6 fold increase in sensitivity. This is similar to the
case for the determination of lead described previously,
where there was a two-fold increase in the slope of the
calibration graphs when the internal diameter of the
atomising tube was changed from 0.4 cm to 1.0 cm.
Another point worthy of mentioning is that the working
range is different and it is possible to widen the working
range by using a narrower atomising tube. In this case, the
absorbance of a 0.049 p.p m. antimony solution was found to
be 0.639 already and any further increase in concentration
will lead to an absorbance value much smaller than it should
be since most of the calibration graphs for the determination
of elements using the hydride generation method show serious
negative deviation at higher concentrations.
4.2.3.2 Precision studies
The precision for the determination of antimony using
a three-slot burner and a 0.4-cm (i.d.) atomising tube was
found to be 14.2%, which is the relative standard deviation
for ten replicate measurements of the absorbance of a 0.055
p.p.m. antimony solution. The values of the absorbance
were 0.289, 0.272, 0.224, 0.226, 0.291, 0.242, 0.288, 0.207,
0.222 and 0.309 respectively.
The precision for the determination of antimony using
a three-slot burner arid a 1.0 cm (i.d.) atomising tube was
found to be 4.6%, which is the relative standard deviation
for ten replicate measurements of the absorbance of a 0,028 
p.p.m. antimony solution. The values of the absorbance were 
0,432, 0,387, 0,405, 0,426, 0,405, 0,426, 0,388, 0,426,
0,402 and 0,381 respectively, ■
The precision for the determination of antimony using 
a l.O-cm(i.do) atomising tube is acceptable. Unfortunately 
the precision obtained with the 0,4-cm(i,d,) tube is too 
large. As the slope of the calibration graph obtained with 
the three-slot burner was 3,5 times as great as that obtained 
with a single-slot burner, the signal of solutions of the 
same concentration should be larger when measured with a 
three-slot burner than a single-slot one and hence the 
relative standard deviation should be larger for the single­
slot burner, provided that the background noise is the same. 
However, a mere important reason for the poor precision for 
the smaller atomising tube is that the intensity of the 
bismuth atomic absorption line is quite weak and is further 
weakened when part of the light is absorbed by the smaller 
tube and hence there will be a larger noise corresponding 
to the lower intensity.
4,2,8.3 Detection limit
The absolute detection limit for the determination 
of antimony using the 0.4-cm(i.d.) and i,0-cm(i,d„) atomising 
tube were determined and the results are shown in Table 4-27,
-  88 -
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Table 4-27 Data for the determination of absolute
detection limit for antimony using our proposed
















It can be seen from the data shown in Table 4-27 that
the absolute detection limit for the determination of antimony
was about six fold better when a 1.0-cm tube was used instead
of a 0.4-cm tube. This difference arose from a much higher
precision obtained with the larger atomising tube.
4.2. 0. 3.4 Accuracy
A synthetic antimony sample was prepared to contain
0.025 p. p.mr o o.f antimony and the concentration was found to
be 0.0298 p. p.m. when a tlFree--slot burner and a 0o4--l( i oda
atomising tube was used. The relative error was therefore
+19.2%.
A synthetic antimony sample was prepared to contain
0.028 p. p.m. of antimony and the co..centra tion was found to
be 0.0294 p.p.in. when a three-slot burner.and a 1.0-cm(i.d.)
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atomising tube was used. The relative error was therefore
+5%.
As expected, the accuracy for the determination of
antimony obtained with the 1 4 Dean atomising tube is higher
than that obtained with the 0.1-cm tube. The main cause of
the large relative error is the poor precision for measurements
with the atomising tube of smaller internal diameter.
4.2.3.5 Comparision of methods
The sensitivity, detection limit, precision and working
range for the atomic absorption determination of antimony
by our proposed method are compared with those obtained with
the conventional flame method 19, the method where the hydride
was introduced into a nitrogen-hydrogen--entrained air flame 9
and the method proposed by Thompson et.al.l0 and the results
are shown in Table 4-28 on next page,
Results in Table 4-28 show that the determination of
antimony using our proposed method is the best out of the
four methods under comparison when a l.0-cm(i.d.) atomising
tube was used. When the 0.4-cm(i.da) atomising tube was
used the sensitivity determined is only worse than that
determined by Thompson et.al.
The precision for the analysis of antimony when using
a 1.0-cm atomising tube is comparable to the other methods,
while for the case using the 0.4-cm tube, the precision is
poor.
The detection limit for the determination of antimony
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Table 4-28 Comparision of methods for the atomic absorption determenatioil of
antimony
Sensitivit Detection Working










et.al. 0.00061 0.0005 4.9% 0-0.05(approx.)
Present 0.00033 0.0018 4.6 0 0-0.05 using 1.0 cm
work tube
0.0012 0.011 14.2% 0-0.1 using 0.4 cm
tube
using 1.0rnl of solution
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using a 1.0-cm atomising tube is better than all Except the
method of Thompson et. al,, possibly due to the comparatively
poorer precision near the blank level.
The working range is wider when a 0.4-cm atomising tube
was used, however, since the precision for the determination
of bismuth using this tube is so poor that this advantage
cannot be made use of,
4.2.4 The determination of arsenic
Standard solutions of arsenic(III) were converted to
the hydride and the absorbance at the recommended wavelength
of 193.7 nm was subsequently measured according to the
general procedure.
At first we intended to use the arsenic hollow cathode
lamp, however, even a new lamp did not produce high enough
intensity for our measurement. We were then forced to purchase
the electrodeless discharge lamps together with the expensive
microwave power supply.
4.2.4.1 Calibration graphs
Two sets of calibration graphs for the determination of
arsenic were prepared and shown in' .Figures 4-10 and 4-11,
using a three-slot and singleslot burner respectively.
The internal diameter of the quartz atomising tube was 1.0 cm
The relevant absorbance data are shown in Table 4-29 and
4-30 respectively.
For the single-slot burner, all experimental. points
can be included to give a line with correlation coefficient
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Table 4-29 Data for the determination of arsenic
Wavelength used: 19 37 nm
Burner: three-slot

















0.00 0.04 0.08 0.012 0.016 0.20
0.24 0.28 0.32 0.36
CONC [PPM] *10-1
Figure 4-10 The calibration graph for the determination
of arsenic at 193.7nm with a 1.0-cm(i.d.)
atomising tube using a three-slot burner
ABSORBANCE
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Table 4-30 Data for the determination of arsenic
Wavelength used: 193.7 nm
Burner: single-slot




















Figure 4-11 The calibration graph fot the determination
of arsenic at 193.7nm with a 1.0-cm(i.d.)
atomising tube using a single-slot burner.
0.00 0.08 0.16 0.24 0.32 0.40 0.43 0.56 0.64 0.72
CONC (PPM) *10-1
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of 0.9992, wheras for the three-slot burner, two points
need to be excluded for the same reason.
The characteristics of the calibration graphs obtained
with the two burners are compared and shown in Table 4-31
Table 4-31 Comparision of the characteristics of the
calibration graphs for the determination of
arsenic obtained with the three-slot and single-
slot burners
193.7nmWavelength used:














using 1 Oral of solution
Results in Table 4-31 show that our proposed method for the
determination of arsenic is a very sensitive one, as is
evident from the very large slope of both calibration graphs
and the very high sensitivity. Moreover, the calibration
graphs are linear within the working range.
When the three-slot burner was used, the working range
was found to be narrower than that obtained with the single-
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slot burner. It is probably due to the fact that the slope
of the calibration graph obtained with this burner is larger
so that the absorbance of the 0.035 p. p. m arsenic solution
was expected to be 0. 564, which is nearly equal to the
absorbance of the 0.049 p.p.m. arsenic solution when measured
with a single-slot burner. Apparently, for the determination
of arsenic using a 1.0-cm atomising tube, serious negative
deviation will be observed when th absorbance is greater
than about 0.6.
4.2.4.2 Precision studies
The precision for the determination of arsenic using a
three-slot burner and a l. O--cm (i. d.) atomising tube .was
found to be 3.9%, which is the relative standard deviation
for ten replicate measurements of the absorbance of a
0.021 p.p.m arsenic solution o The values of the absorbance
were 0.379, 00.757 0.342, 0.375 0.385, 0.392, 0.380, 0.377
0.360 and 0.390 respectively.
The precision for the determination of arsenic using a
single-slot burner and a i. 0-cm(i .d.) atomising tube was
, which is the rel-: Live standard deviationfound to be 5.6%
for ten replicate measurements of the absorbance of a
0.028 p. p.m. arsenic(III) solution. The values of the
absorbance were 0.398, 0.350, 0.345, 0.352, 0.390, 0.395
0.364, 0.365, 0.380 and 0.345 respectively.,
It can be seen that the precision for the determination
of arsenic using our proposed method is slightly better when
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a three-slot burner was used instead of the single-slot
burner
4.2.4.3 Detection limit
The absolute detection limit for the determination of
arsenic using the three-slot and single-slot burners were
determined and the results are shown in Table 4-32,
Table 4-32 Data for the determination of absolute detection
limit for arsenic using our proposed method
Concentration of arsenic solution: 0.007 p.p.m.
Wavelength used: 193.7 nm
Quartz atomising tube size: 1.0 crn(i.d.)
Burner type 3-slot 1-slot
Measured 0.152 0.150 0.125 0.121









Results in Table 4-32 show that again the performance
of the three-slot burner is better than that of the single-
slot burner, as far as the detection limit for arsenic is
concerned. The lower detection limit for the three-slot
burner arises from the higher sensitivity and precision
obtained with this burner.
4.2.4.4 Accuracy
A synthetic arsenic sample was prepared to contain
0.021 p. p. m. of arsenic (III) and the concentration was found
to be 0o0215 p.p.m., when a three-slot burner and a 1.0-cm 
(iodo) atomising tube was used. The relative error was 
therefore +2.6%*
A synthetic arsenic sample was prepared b contain 
0.028 p.p.m. of arsenic(III) and the concentration was found 
to be 0.0278 p.p.m., when a single-slot burner and a 1.0-cm 
(i.d.) atomising tube was used. The relative error was 
therefore -0.6%.
Thus results with acceptable relative error for the 
determination of arsenic can be obtained when either burner 
was used.
4.2.4.5 Comparison with other methods ,
The absolute sensitivity, absolute detection limit,
precision and working range for the atomic absorption
determination of arsenic by our proposed method are compared
19with those obtained with the conventional flame method ,
the method where the hydride is introduced into the nitrogen-
9 , , ,hydrogen-entrained air flame ■ , the method proposed lay Thompson 
et.al.10, and the method utilising a Perkin-Elmer MHS-1 
Mercury/Hydride system \ and the results are shown in 
Table 4-33.
Results in Table 4-33 show that the absolute sensitivity 
obtained for the determination of arsenic are all three order 
of magnitude better than that obtained by the conventional 
flame method and over twenty times better than the method 
where the hydride is introduced into the nitrogen-hydrogen 
flame. It may appear that the sensitivity,the detection
- 100 -
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Table 4-33 Comparison of methods for the atomic absorption determination of
arsenic









Thompson 0.00052 0.0008 5.70/10 0-0.025 using EDL
et.ala approx.
With MHS-1 0.0005--- electrically
system heated 1
Present 0.0003 0.0014 3.9% 0-0.035 3-slot burner, EDL
work 0.00040 0.0020 506% 0-0.05 1-slot burner, EDL
using 1. Om1 of solution
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limit obtained by our method is slightly better than those
obtained by Thompson et m al . However, since we used an
electrodeless discharge lamp while Thompson etoalo did not,
we expect that the results should be co cpara.ble when an
electrodeless discharge lamp was used by them.
It is satisfying to see that for the determination of
arsenic by our proposed method, the sensitivity obtained
by the single-slot burner is comparable to those obtained
by the three--slot burner. or by Thompson et. al., al though
the detection limit is not as good. However, it has an
added advantage of having a comparatively wider concentration
range . Therefore, arsenic can be determined with good
sensitivity and fair precision using a single-slot burner.
In fact, the linearity of the calibration curve for
arsenic obtained by Thompson was very or, so that the
worki:ig range may be even narrower than 0-0 . 02 5 as listed
in the table. The linearity of the calibration graphs
obtained by us are very good when either burner was used
In fact, the working range for the three-slot burner may be
widened if an atomising tube of diameter smaller than 1.0 cm
is used .Unfortunately, we had no time to confirm this
predict.iono
Finally, it may be mentioned that the sensitivity
obtained by our method, using either 'burner, is better than
that obtained with the kHS-1 1iercury/Hydride system, a
recently introduced accessory to the Perkin-Elmer atomic
absorption spectrophotometers.
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4.2.5 The determination of selenium
Standard solutions of seleniijm(IV) were converted to
the hydride and the absorbance at the recommended wavelength
of 196.0 nm was subsequently measured according to.the
general procedure.
4.2.5.1 Calibration graphs
Two sets of calibra i:ion graphs for the determination
of selenium were prepared and shown in Figure 4-12 and 4-13,
using a three-slot and singleslot burner respectively. The
internal diameter of the quartz atomising tube was 0.4 crn
(i. d.). The relevant abso-bance data are shown in Table 4-34
and 4-35 respectively.
For both burners, three experimental points were
excluded to give a line with correlation coefficient close
to 0. 99.
The characteristics of the calibration graphs obtained
with the two burners are compared and shown in Table 44-36
Results in Table 4-36 show that the performance of both
three-slot and single-slot burners for the determination
of selenium using our proposed me trhod are very similar
it can also be seen that the slope of the calibration
graph is quite small compared with those for other elements
using the same method. Furthermore, the working range is
also quite narrow. As the atomising tube which we used had
internal diameter of 0.4 cm, we expect thet the sensitivity
arid hopefully the working range as well would he increased
when a 1.0-cm(i.d.) tube is used.
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Table 4-34 Data for the determination of selenium
Wavelength used: 196.0 nm
Burner: three-slat



















0.06 0.08 0.10 0.12 0.14 0.16 0.18
CONC[PPM]
Figure 4=12 The calibration graph for the determination
of selenium at 196.Onm with 0.4-CM(i.d.)
atomising tube using a three-slot burner
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Table 4-35 Data for the determination of selenium
Wavelength used: 196.0 nm
Burner: single-slot

























Figure 4--13 The calibration graph for the determination
of selenium at 196.Onm with a O.4-cm(i.d) .d.)
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Table 4-36 Com.parision of the characteristics of the
calibration graphs for the determination of
selenium obtained with the three-slot and
single-slot burners
196.0 nmWavelength used:





0.02600 34(on y axis)







using 1.0 rill solution.
4.2.5.2 Precision studies
The precision for the determillat-Lori of selenium using
a three-slot burner and a 0.4--cm(i0d.) atomising tube was
fouled to be 5.1°o, which is the relative standard deviation
for ten replicate measurements of the absorbance of a 0.120
p. p. m. selenium solution. The values of the absorbance were
0.107, 0.105, 0.113, 0.118, 0.1057 00108, 0.100, 0.107,
0.110 and 0.100 respectively.
The precision for the determination of selenium using
a single-slot burner and a 0.4-cm(i .d.) atomising tube was
found to be 4.9%, which is the relative standard deviation
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for ten replicate measurements of the absorbance of a 0.120
p.p.m. selenium solution. The values of the absorbance were
0.097, 0.104, 0.096, 0.106, 0.107, 0.096, 0.101, 001107 00098
and 0.104 respectively.
Again we cannot find any significant difference in the
precision obtained with the two burners.
4.2.5.3 Detection limit
The absolute detection limit for the determination of
selenium using the three-slot and single-slot burners were
determined and the results are shown in Table 4-37
Table 4-37 Data for the determination of absolute detection
limit for selenium using our proposed} method
Concentration of selenium(IV) solution: 0.030 p. porn
196.0 nmWavelength used:












Results in Table 4-37 show that the absolute detection
limit for the determination of selenium using our proposed
method is slightly better when a three-slot burner was used
instead of a sing le-slot burner. Tho main cause os the
difference is that the three-slot burner could yield more
precise result near the blank level. 
4.2.5.4 Accuracy
A synthetic selenium sample was prepared to contain 
0.120 p.p.m. of selenium and the concentration was found to 
be Go 114 p.p.m. , when a three-slot burner and a 0 . 4-cm ( i . d . ) 
atomising tube was used. The relative error was therefore 
- 4 . 8 %.
A synthetic selenium sample was prepared to contain 
0*120 p.p.m. of selenium and the concentration was found to 
be 0.112 p.p.m., when a single-slot burner and a 0 .4-cm(i.d. ) 
atomising tube was used. The relative error was therefore 
-6.7%.
Negative error was found in both cases since the 
concentration of the samples lie close to the upper limit of the 
linear working range. The accuracy of the method for the 
determination of selenium is only fair.
4.2 * 5.5 Comparision of methods
The absolute sensitivity, absolute detection limit,
precision and working range for the atomic absorption
determination of selenium by our proposed method are compared
19with those obtained with the conventional flame me choc ,
the method where the hydride is introduced into the nitrogen-
9hydrogen-entrained air flame .ant the method proposed by 
Thomeson e t. al. , and the results are shown in Table 4-38 
on the next page.
It can be seen from Table 4-3 8 that the absolute 
sensitivity for the determination of selenium using our
- 110 -
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Table 4-38 Comparision of methods for the atomic absorption determination of
selenium.
Absolute Absolute Working
Method sensitivity detection Precision Remarks
(pg) limit(g) (p.p.m.)
Conventional
flame 0.55 0.25 0-50 using EDL
method.
N2/H2 flame 0.011 0.005 2.9%
method
Thompson 0.0021 0.0018 5.6% 0-0.2
et.al.
Present 0.0069 0.026 5.1% 0-0.12 using 3-slot
work hurner
0.0064 0.043 4.9% 0-0,,12 using 1-slot
burner
using 1.0yrd of solution
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proposed method is about 85 tinges better than the conventional
flame method and about 1.7 times better than the method of
introducing the hydride into the nitrogen/hydrogen flame
However, the absolute sensitivity obtained by Thompson et.al.
is about three times better than ours. As they.used a 0. 7-
cm(i.d.) atomising tube whereas we used a O,4-cm(i.d.)
atomising tube, we expect that the sensitivity obtained by
our method will be comparable to that obtained by Thompson
et. al. when we use a 1.0-cm(i.d.) atomising tube,
The detection limit for the determination or selenium
using our proposed method is rather poor compared with that
determined by the method of introducing the hydride ir:to
the nitrogen/hydrogen flame and even poorer compared with
that obtained by Thompson et. al. The poor detection limit
may be ascribed to the poor precision near the blank level
since the relative standard deviation at 0.03 p.p.m. of
selenium level using a three-slot burner was about 20%
(see data in Table 4-37), although the precision at 0.12
p. p.m. was 5.1% and comparable to that determined by
Thompson et.al.
4.2.6 The determination of tin
Standard solutions of tin (IT) were converted to the
hydride and the absorbance at the recommended wavelength
of 224.6 nm for the determination of tin was not used
because the 286.3 nm line has higher intensity, so that
the noise would be smaller.
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4.2.6.1 Calibration graphs
Two sets of calibration graphs for the determination
of tin were prepared and shown in Figures 4-14 and 4-15,
using a three-slot and single-slot burner respectively.
The internal diameter of the quartz atomising tube was 0.4
cm (i. d.). The relevant absorbance data are shown in Tables
4-39 and 4-10 respectively.
For the three-slot burner, one experiemtnal point was
excluded, while for the single-slot burner, two were excluded
to give a line with correlation coefficient of 0.998 and
0.990 respectively.
The characteristics of the calibration graphs obtained
with the two burners are compared and shown in Table 4-41.
Results in Table 4-41 show that there is no significant
difference in the performance between the two burners for
the determination of tin using cur proposed method, although
the sensitivity obtained with the three-slot burner is
slightly better.
4.2 .6.2 Precision studies
The precision for the determination of tin using a
three-slot urner and a 0.4-cm (i.d.) atomising rube was
found to be 4.9%, which is the relative standard deviation
for ten replicate measurements of the absorbance of a 0.055
p.p.m. tin(II) solution. The values of the absorbance were
0.237, 0.221, 0.226, 0.232, 0.222, 0.227, 0.238, 0.244,
0.213 and 0.258 respectively.
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Table 4-39 Data for the determination of tin
Wavelength used: 286.3 nm
Burner three-slot




















0.02 0.03 0.04 0.05
0.06 0.07 0.08 0.09
CONC [PPM]
Figure 4-14 The calibration graph for the determination
of tin at 286.3nm with a 0.4-cm (i.d.)
atomising tube using a three-slot burner
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Table 4-40 Data for the determination of tin
Wavelength used: 286.3 nm
Burner: single-slot












0.24 0.32 0.40 0.48 0.56 0.64 0.72
CONC[PPM] *10-1
Figure 4-12 The calibration graph for the determination
of tin at 286.3nm with a 0.4cm(i.d.)










Table 4-41 Comparision of the characteristics of the
calibration graphs for the determination of
tin obtained with the three-slot and single-
slot burners
286 .3 nmWavelength used:
O4 cm(i.d.)Quarter atomising tube size:
3-slot 1-slot
burnerburner
3.6 3004slope (m, ,ug-1)
intercept O,0220 030(on y axis)





working range 0-0.070-0. 085
P.P.M
using 1. 0 ml sample
The precision for the determination of tin using a
single-slot burner and a 0.2-cm(i. d.) atomising tube was
found to be 4.9%, which is the rela tive standard deviation
for ten replicate measurements of the absorbance of a 0.055
p.p.m. tin(II) solution. The values of the absorbance were
0.213, 0.193, 0.202, 0.191, 0.197, 0.187, 0.200, 0.174,
0.179 and 0187 respectively.
For the determination of tin using our purposed method,
the precision obtainod with the two burners are the same.
4.2.6.3 Detection limit
The absolute detection limit for the determination of
tin using the three-slot and single-slot burners were
determined and the results are shown in Table 4-42.
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Table 4-42 data for the determination of absolute detection
limit for tin usinq our proposed method
Concentration of tin(II) -solution: 0.010 P.P.M.
286.3 nmWavelength used:
0.4 -I-n(i.d.Quartz atomising tube size:
1-slot3-slotBurner type
Measured
0.0420 0450 06 7 0.066absorbance








esults in Table 4-42 show that the absolute detection
limit for the determination of tin using our proposed method
with the two burners are practically the same.
4.2.6.4 Accuracy
A synthetic tin sample was prepared. to contain 0.055
p. p.m. of tin(II) and the concentration was found to be
0.0569 p.p.m., when a three-slot burner and a 0.4-cm(i.d.)
atomising tube was used. The relative error was therefore
+3.4%.
A synthetic tin sample was prepared to contain 0.055
p. p.m. of tin (II) and the concentration was found to be
0.0561 p.p.m., when a single-slot burner and a 0.4-cm(i.d.)
atomising tube was used. The relative error was therefore
It can be seen that reasonably accurate results can be+2.0%
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obtained for the determination of tin using using our proposed
method.
4.2.6.5 Comparison of methods
The absolute sensitivity, absolute detection limit,
precision and working range for the atomic absorption
determination of tin by our proposed method are compared with
those obtained with the conventional flame method 19, the
method where the hydride is introduced into the nitrogen-
hydrogen-entrained air flame 9, and the method proposed by
Thompson et o al. 10,and the resuls are shown in Table 4-43
on the. next page.
Results in Table 4-43 show that both the method
proposed by Thompson et.al. and our proposed method for the
determination of tin are more sensitive than the conventional
flame method, being two to three order of magnitude better,
and also more sensitive thin the nitrogen-hydrogen flame
method, being six to sixteen times better.
The precision of our method and that of Thompson et.al.
are comparable. The absolute sensitivity of the Thompson' s
method is about 2.7 times better than ours. This may be
explained by the fact that Thompson et.al. used a more
sensitive line and an atomising tube of internal diameter
of 0.7 cm. It is unfortunate that we coulc not use the
more sensitive line for our experiments, however, we expect that
we can still improve our sensitivity by using an atomising
tube of internal diameter of 1.0 cm, and hopefully we can
use the more sensitive line when the atomic absorption
spectrophotometer is repaired.
121
Table 4-43 Comparision of methods for the atomic absorption detetermination of
tin
Atomic Absolute Absclute working
Method line(nm) sensitivity detection Precision range
(ug) limit(ug) (p p.m.)
Conventional
flame 224.6 0.87 0.07 0-200 EDL
method
N /H flame
2 2 224.6 0.007 0.004 6.7%
method
Thompson 224.6 0.00044 0.0005 4.0%
etal
Present 286.3 0.0012 0,0036 •4.9% .0-0.085 3-slot burner
work
0.0014 0.0040 4.9 0-0.07 1-slot burner
using 1 0m1 of solution
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4.2.7 The determination of tellurium
4.2.7.1 Preparation of stock solution
We found that it was not possible to dissolve tellurium
metal in concentrated nitric acid as suggested by the
19
instruction manual of the instrument It is possible
to dissolve tellurium metal in aqua regia. Some precipitate
may appear on dilution but it can be redissolved by adding
concentrated hydrochloric acid.
4.2.7.2 Effect of acid concentration
At first we used 1.5M hydrochloric acid as solvent to
prepare the standard solutions of tellurium, as suggested by
Thompson et.al. 10. However? results of low precision
were obtained, as data in Table 4-41 show.
Table 4-41 The absorbance of a 0.34 p.p0m. tellurium
solution in 1.5M hydrochloric acid
21403 nmWavelength used:
three-slotType of burner:
1.0 cm(i.d.)Quartz tube size:
1.0 1/minNitrogen f lowrate:
2 7654321Trial number
0.390.350.330.260.370.310.37Absor.bafoe
(relative standard deviation= l2.9%)
Furthermore, the absorption signal showed two peaks
when traced by a recorder, indicating that the hydride was
not released at the same time This obsery tion suggested
that the reduction of tellurium by sodium borohydride is
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comparatively slow. Tellurium exists in the +6 oxidation
state in the standard solution and A gge tt 12 found that
element in their higher oxidation states are more slowly
reduced.
Therefore, we tried to increase the acidity of the
standard solution by using 4M instead of 1.5M hydrochloric
acid to prepare the standard solutions with a hope that the
reaction could be speeded up. In fact, more reproducible
results were obtained,
4.2.7.3 Optimum flowrate of carrier gas
Results in Table 4-42 show that the best flowrate was
still 1.0 1/min. We did not try flowrate lower than 1.0 1/min
as rather flat absorption peak would be obtained.
Table 4-42 The absorbance of a tellurium solution (0.40
ppm) in 4OM hydrochloric acid
three-slotType of burner:
0.4 cm(imda)Quartz atomising tube size:








4.2.7.4 Effect of sodium borohydride concentration
With the acid concentration in the standard solutions
increased, it is necessary to find out the optimum amount of
borohydride to be introduced. Therefore, a study of the
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effect of sodium borohydride concentration on the absorbance
of tellurium was made and the results are given below:
Table 4-43 The effect of sodium borohydride concentration
on the absorbance of tellurium
0.4 p. p. m.Concentration of tellurium:
21403 nmwavelength used:
three-slotType of burner:
1,0 cm(i.d,)Quartz tube size:
400MConcentration of hydrochloric acid:
1.0 1/minCarrier gas flow-rate:
2 mlVolume of sodium borohy Bride used:





0. 3 2 04
Results in Table 4-43 show that hither absorbance could
be obtained with higher concentration of the boron. Bride o
Since the improvement obtained by using a .4% borchydride
solution was not great, we preferred to use a 30 borohydrde
solution, as it is alrc-ad,,, not very stable and a 4° sollut ion
was found to lose its reducing sower in about three hours
4.2.7.5 Determination of tellurium under optium conditions
When the above parameters idere optimised, a 004 p0pam
tellurium solution was analysed arid the results are given
below:
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Table 4-44 The absorbance of a 0.4 papomo tellurium solution
in 4M concentration of hydrochloric acid
214,3 nmWavelen_th used:
three-slotT./pe of burner:
100 cm(iod0)Quartz atomising tube size:
2 mlVolume of 3% sodium boroh::ride user-1:
1.0 1/.minCarrier gas flow-rate:
2L J1Trial number
G. ?7 Oo36Oo34Absorbance
(Relative standard deviation= 403%)
When we ere about to proceed further, the intensity
of the atomic lines from the tellurium hollow cathode lamp
got to a such low value that no further atomic absorption
measurement could be made
4.2.8 The determination of germanium
4281 Perparation of stock slotion
At first we tried to prepare the germanium stock solution
b y dissolving 10000g of the metal in a minimum volume of
aqua r.:-gia and diluting to 1 litre, as suggested by the
Varian, Techtron i r.s true tion handbook, io ever, we found
that very little germanium actually remaine in solusion as
the atomic absorption signal of the solution i repareu was
close to :zeroo It is quite possible that the metal ,rapoised
as the tetrachloride during the dissolution process.. not
aqua regia.
We then prepared the stock solution by dissolving
germanium dioxide in very dilute potassium hydroxide solution
and then acidifying it with 8M hydrochloric acid.
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4.2.8.2 Effect of acid concentration
At first we used 1.5m hydrochloric acid as solvent for
preparing the standard solutions as suggested by Thomson
et.al. 10 we found out that the dgnal obtained by our
proposed method was quite low.
We suspected that the low absorbance was also caused
by the slow rate of reduction of germanium dioxide by sodium
borohydride. Therefore, we tried to use a higher concentrat-
iorn of acid to prepare the standard solutions and higher
concentration of borohydride, in exactly the same way as
for the determination of tellurium. In other words, we used
4M iris Lead of 1. 5,r hydrochloric acid as solvent for preparing
the standard solution and used 2 ml of 3% sodium borohydride
solution instead of 1 ml of l bor ohydr_ide for the determinatio cf germaniumand a markedimp provemerat wascabtai L.ed b The
absorbance of a 100 pQpome germanium solution, was measured
and the r: ul is are shown in Tab1 4-45
Table 4-45 The absorbance of germanium solution (100
p.p ma) at 265.1 nm
three-'s lotType of burner:
100 cm(i0da)Quartz atomising tube size:
4.oimCo lcentration of hydrocnlo is acid
3 (by wt.)Coi,centrati on of sodium boroh1'dride: 3
2 rnLVolume of sodium borohyd ride used:
1 1/mmIICarrier gas flow-rate:
54321Trial number
0.27Oo260.280.280.28Absorbance
(Relative standard devi- Lion= 3.3%)
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When we were about to make a more thorough investigation,
unfortunately the atomic absorption spectrophotometer broke
down so that we could not produce any data other than those




We have developed a method which enables several hydride-
forming elements to be analysed by atomic absorption spectro-
photometry utilising the hydride generation technique. In
essence our method is a modification of the method developed
by Thompson et. al. We simplify the atomising tube by using
just a simple T-tube, and dispense with any cooling system
or traverse side-tubes. We have found that the size of the
atomising tube can affect the senisitivity of the method,
and the larger the internal diameter the better, provided
that the whole tube is in the optical path. We have also
found that the working range within which a linear calibration
is found may also vary with the size of the tube, e. g. for
antimony, the range was 0-0.05 p o p m. with a 1.0-cm tube and
0-0.1 p. p.m. for the 0.4-cm, tube. In other words, the smaller
tube will provide a wider working range. However, the precision
for the smaller tube may sometimes be very poor it
intensity of the atomic line i5 weak, e.g. for antimony, the
precision was 14.2% with a 0.4-cm tube compared with 4.6%
with the 1.0-cm tube when the same atomic line was used.
Nevertheless, for the other cases which we studied, the
precision with the 0.4-cm(i.d.) atomising tube wos found
to be acceptable.
Another modification which we have made is to use a
three-slot burner and an ordinary single-slot burner for
the atomisation of the analyte and we found that the three-slot
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burner could provide results comparable to if not better
than those obtained with a wide-path air--acetylene burner
when a 1.0 -cm (i. d.) atomising tube was used. (A more detailed
comparision will be made later). The single-slot burner
could also be used though the results may be slightly poorer
than those obtained with the three-slot burner .
The hydrides of arsenic, bismuth, antimony, selenium
and tin were generated, using coHditions similar to those
which were used. by Thompson et.al. However for lead, we
found that it was necessary to add hydrogen peroxide and
the sample solutions to be prepared in 0.5% nitric acid,
presumably it was necessary to preoxidise lead to :.a _meta--
. stable quadrivalent state. For germanium and tellurium, we
need to use higher concentration of hydrochloric acid (i.e.
4M) to prepare the sample solutions and more concentrated
sodium borohydride solution (i.e. 3% instead of 1%) than
were used by Thompson et.alo
The' flowrate of the carrier gas which we used in most
cases was quite similar to those used by Thompson et.al.,
and it was 1.0 1/min instead of 1.2 !/min. However, for
the determination of selenium, the optimum flowrate which
we used was. 1.:8 1/min and not 3.0 1/min, and for the deter-
mination of tellurium we found that we need to use 1.0 1/miry
and not 3.0 1/min as used by Thompson et. al.
We regret to say that Lhe break-down of the Perkin-
Elmer atomic absorption spectrophotometer prevented us from
doing the project more thoroughly and completely than we
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planned to doe Just before this thesis is completed, the
service engineer from Japan found out that the main cause of
the break-down was due to one of the mirrors being seriously
corroded. Obviously during the process of getting corroded,
the performance of the instrument was deteriorating,
Possibl v this was the reason why the noise levels we encounteredi
were higher than those reported by other workers, and also
we could not use the less intense and yet more sensitive lines
which Thompson et. al. could. Neverth,less, even though our
instrument was not in the best work .ng conditions, we were
able to produce re,ults which are summarised in Table 5-1
below. A summary of the comparision of these results with
those obtained by Thompson et.al. is shown in Table 5-2.
Results in Table 5-2 sI*Iow that the sensitivity for the
determination of arsenic, lead and antimony are better, and
these determinations were done with a 100-crr:(iodG) atomising
tube. The s ==nsitivity for the determination of the other
elements made with a 0 G 4-cm (i. d b) atomising tube 7 were lower
than those obtained by Thompson et.al. As we used a smaller
atomising tube, we believe that the sensitivity for the
determination of bismuth, selenium and tin will be at least
comparable to those obtained by TI-I:. mpson etn al. when a 1 0 -
cm(i.d.) atomising tube is used.
The precis ion for the determination of these elements
using our proposed me1hod is in most cases comparable to
those obtained by Thompson et.al. and for arsenic, it was
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Table 5-1 A summary of sensitivities, detection limits and precision data
Wavelength Nitrogen Absolute Absolute Internal
Element (nm) flowrat sensitivity detection Precision Type of diameter of
burner(1/min Caug) limit(g)atomising
tube(cm)
As 193.7 1.0 0.0003 0.0014 3.9% .i-slot 1.00.0004 0.0020 5.6% 1-slot
Bi 223.1 1.0 0.0009 0.0048 5.30/10 3-slot 0.4
306.8 0.0013 0.0028 4.2% 3-slot 0.4
0.0020 0.0043 3.1% 1-slot 0.4
Pb 217.0 1.0 0.012 0.073 6.7% 1-slot 1.0
Sb 217.6 1.0 0.0012 0.011 14.2% 3-slot 0.4
0.00033 0.0018 4.6% 3-slot 1.0
Se 196.0 1.0 0.0069 0.026 5.1% 3-slot 0.4
C.0064 0.043 4 .9% 1-slot 0.4
Sn 286.3 1.0 0.0012 0.0036 4.9% 3-slot 0.4
0.0014 0.0040 4.9% 1-slot 0.4
Sample volume =10Qml
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Table 5-2 A ssmmary of the comparisionof the results for the determination
of several. hydride elements determined by our proposed method with



















+ for better results obtained by us






better possibly because the atomic line emitted from the
electrodeless discharge tube was so intense that background
noise was lower,
The detection limit for these determination was in
generally worse than those obtained by Thompson et.al,
This is due partly to the lower sensitivity of our method
in certain cases and partly to the higher noise levels
observed near the blank level.
The results we obtained can enable us to conclude that
our proposed method which is simple and requires no background
correction can rake possible the determination of arsenic,
bismuth, lead, antimony, selenium and. tin with high sensitivity
and acceptable precision, and possibly good detection 'Limit
if the instrument is in its good working conditions. We
also believe that the same will be true for germanium and
tellurium. we hope that we can soon complete the work we
planned to do when the atomic absorption spectrophotometer
has now been repaired, and lend further support to the
coL-_clusions 1,Je have Made.
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